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SECTION I
INTRODUCTION



- INTRODUCTION

B-matrices from different arcs are combined and inverted to yield
parameter corrections. At this point, parameter corrections may be
suppressed or eliminated and any desired selection of parameters may
be used in the solution. SOLVE offers complete flexibility in the
selection of arcs used in the solution and in the parameters whose

corrections are obtained from the solution.

The solution is now used as a correction set to update the parameters.
If necessary, the new parameter set can be used as a starting-point

for a second run through the entire program. This will be necessary
when the parameter corrections are large enough to violate the assumed

linearity of the model.
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FLOW OF NORMAL SOLVE RUN

< SOLVE >

Suppress all

Input Matrices

Sup-
pressed
Matrices,
Tape 28

Sup-
pressed
Matrices
Tape 28

Eliminate Arc
Parameters,
all Matrices

Reduced
Matrices Matrices
Tape 20 Tape 29

Reduced
Matrices
Tape 20

Combine all

Reduced Matrices

Combined Invert
Matrix, Combined
Tape 28 > ombpine
Matrix
Backsub. )
Matrices, Backsubstitute
Tape 29 for Arc
Parameters
Updated
| Parameter Set
Print and Charts
meter Set Punch Output »| of Para-
Tape 19 Parameters meters

f!
RETURN



FLOW OF INVERT ONLY SOLVE RUN

{ SOLVE >

i

""Suppress'' Input
Matrix, (no
actual suppres-

sion done)
nsup_
pressed"
Matrix,
Tape 28
'Sup-
pressed'' Invert
Matrix, Matrix

Tape 28

| Updated
|, Parameter Set

S

Par-

meter Set Print and Punch Charts
Output P of Para-
Tape 19 utput Parameters meters

4
‘ RETURN ,
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USER INFORMATION



INPUT CARDS

1)

2)

3)

Card Type One, Header Card
cc 1-72 Alpha-numeric data to be printed at the top of each

page of output. This card must be present.

Card Type Two, Options Card
cc 5 Integer 0, 1 or 2, as follows:

0 - Input Format Check on Tape and

Card Input
1 - Input Format Check on Card Input
Only
2 - No Input Format Check
cc 10 Integer 0 or 1, as follows:
0 - Indicates a normal SOLVE run
1 - Indicates an invert only SOLVE run
cc 15 Integer 0 or 1, as follows:

0 - The edit tape will be printed in a
later job.
1 - The edit tape will be printed in this job.

This card must be present.

Card Type Three, Edit Card

cc S Edit code for the input B matrices

cc 10 Edit code for the input parameter set matrices
cec 15 Edit code for the suppressed matrices

cc 20 Edit code for the reduced matrices

cc 25 Edit code for the back-substitution matrices
cc 30 Edit code for the combined matrix

cc 35 Edit code for the inverse matrix
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The "Edit Codes'' are integers, as follows:
1 - Unnormalized
2 - Normalized, diagonal elements one
3 - Inverse
4 - Identification Records Only
5 - Normalized Inverse with Standard
Deviations
(Note: For more detail on edit formats, see
the subroutine write-up for EDIT)

This card must be present.

4) Card Type Four, Combined Matrix Data

cecl-5
cc 9 - 20
cc 24 - 25

Positive integer less than or equal to 99999 or zero;

the matrix identification number for the combined
matrix,

Alpha-numeric data--the name of the combined matrix.
The number of parameters to be suppressed in the com-
bined matrix. Zero or a positive integer less than 51.

This card must be present in a normal SOLVE run.

5) Card Type Five, Combined Matrix Suppression List

ccl-170

The labels or code labels of parameters to be suppressed
in the combined matrix, if there are any. These are
integers, right adjusted in five-column fields. The list
may extend over one or more cards, but there should

be no blank fields embedded in the list. The parameter
labels need not be in sort. The various code labels are
described in the section on Parameter Labels, page 3. 7.
This card must be present in a normal SOLVE run where
the number of parameters to be suppressed in the combined

matrix is greater than zero.

6) Card Type Six, B Matrix Data

ccl-5

B matrix indentification number, as follows:
0 through 99998 indicates the matrices to be
used in this SOLVE run.

3.2



ce 9-20

cc 24-25

99999 indicates that all B matrix cards have
been read and is the last card of the data deck.
The other fields in the 99999 card are blank.

New alpha-numeric name to be attached to the B
matrix. If this is blank, the name of the B matrix will

not be changed.

The number of parameters to be suppressed in the
B matrix. Zero or a positive integer less than 51.

This card must be present in a normal SOLVE run.

7) Card Type Seven, B Matrix Suppression List

This card is exactly the same as Card Type Five, except it refers

to the input B matrix, not the combined matrix.



OPERATING INSTRUCTIONS

1) The system control cards required in the overall deck setup are:

(omit if EDIT LATER option off)

SOLVE decks, binary or source

$JOB

$SETUP 04
$SETUP 16
$EXECUTE IBJOB
$IBJOB

$DATA

SOLVE data deck

2) The tape setup is:
DCS Unit

04
05
06
14
15
16

Tape Function

Input tape, produced by MERGE

Scratch tape, or disk file

Scratch tape, or disk file

Scratch tape, or disk file

Scratch tape, or disk file

Edit tape to be saved if the EDIT LATER

option is on, otherwise it can be a disk file

3) Output consists of punched cards, printing and the EDIT LATER tape,

if that option is on.

3.



EDIT LATER

EDIT LATER is simply a separate program which will print the edit tape
from a SOLVE run. It consists of the routine EDIT, compiled as a main
routine, and the subroutines EDIT calls. These subroutines are CHECK,

ERROR and MINV. There is no card input to EDIT LATER.

3.
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OPERATING INSTRUCTIONS, EDIT LATER

1) The system control cards required in the overall deck setup are:

$JOB

$SETUP 16
$EXECUTE IBJOB
$IBJOB

EDIT LATER DECKS, Binary or Source

2) The tape setup is:

DCS Unit Tape Function
16 Edit Tape

3) Output consists of printing.



PARAMETER LABELS

Parameter labels are used to identify the rows and columns of a matrix.

They are as follows:

1) Gravity parameter labels, five digit integers.

m n

Cmn 1 XX XX Where: n 2 m

S mn 2 XX XX mg¢ 5
m+ng 10

The gravity parameter labels are in strict numeric sequence.

2) Station parameter labels, four digit integers.

y Stat. No.,p

1 P 1 XXX Where: xxx £ 998
¢ P 2 XXX

,rp 3 XXX

The station parameter labels are in sequence according to station number
as the major key, and first digit as the minor key.

3) Arc parameter labels, three digit integers.

Radiation Pressure 3 XX xx = 01 to 03
Thrust 2 xy xx=1or 2;andy =1 to 3
Initial Conditions 1 XX xx = 01 to 06
Orbital Elements 1 XX xx = 07 to 12

The arc parameter labels are in sequence according to the first digit as
major key, in descending order; and the last two digits as minor key, in

ascending order.,

w



4) Special parameters, treated as station parameters by SOLVE,

Earth-Moon Separation Multiplier ’ 5 ' 999 l
Speed of light 6 999

5) Code labels

Use the preceding parameters labels to indicate the parameters to be
suppressed. To facilitate the suppression of groups of parameters,
use the following code labels:

Gravity Parameters

m n
3 XX ! XX Clk and S1k are suppressed
for all 1, k>m, n respec-
tively.
4 XX ’ XX Both Cmn and Smn are
suppressed.
Station Parameters
Stat. No., p
4 l XXX ’ 1 P, q“p, Tp are all sup-
pressed.

3.8



PROGRAM RESTRICTIONS

The following are various restrictions on the size of the matrices and arrays
processed by SQLVE;

1.

2.

The input matrix may not exceed order 100.
The matrix to be inverted may not exceed order 82.

The number of parameters to be eliminated from a given matrix

may not exceed 60.

The number of parameters to be suppressed from the combined

matrix, or from an input matrix, may not exceed 50.

There is no restriction on the number of input matrices which can

be processed except that they must all appear on one tape.
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ERROR LIST

Number

1

Routine

ELIM

ELIM

COMB

BACKSB

BEDIT

MAIN

OPARC

Meaning

A negative or zero pivot element found during
elimination. The matrix is either ill-conditioned

for elimination or not positive definate.
Program error, dump core.

No match found between the combined matrix
label record, formed by UPCOMB, and the

label record of the new matrix to be combined.

No match found between the label record of the
inverted matrix and the label record of the

back-substitution matrix.
Edit requested of scratch tape.

Matrix requested by input cards not found on

tape 18 (input).

Matrix called for in argument to OPARC not

found on parameter tape, (tape 19).

The following errors refer to an input matrix or card.

10

11

12

13

14

INCK

INCK

INCK

INCK

INCK

Record type code word, IRTI, for the ID record

is not of the form xxxx1.

Matrix identification number is 99999

The number of columns is greater than 101.

The number of rows plus one is not equal to the

number of columns of a B matrix.

The number of observations is less than one

for a B matrix.
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15

16

17

18

19

20

22

23

24

28

29

30

INCK

INCK

INCK

INCK

INCK

INCK

INCK

INCK

INCK

INCK

INCK

INCK

The input square matrix is neither a B matrix

nor a combined matrix.

The number of rows is not one in a parameter

set matrix.

The type code word is not ''8" for a parameter

set matrix.

Record type code word, IRT2, for the label

record is not of the form xxxx2.

lllegal parameter label, less than 100 or greater
than 99999.

Illegal gravity parameter label, or gravity

parameter labels out of sort.

Illegal station parameter label, or station

parameter labels out of sort or some missing.

Illegal station parameter label with station

number 999.

Illegal arc parameter label, or arc labels out

of sort or a parameter missing.

Input tape does not consist of at least one

B matrix and its parameter set matrix.

Illegal value on option card, run continues with

option set to zero.

Illegal value on edit card, run continues with

option set to one.
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31

32

33

34

35

36

37

38

INCK

INCK

INCK

INCK

INCK

INCK

INCK

INCK

Illegal value for combined matrix identification

number, i.e., negative or greater than 99999.

The number of parameters to be suppressed in
the combined matrix is negative or greater than
fifty.

One of the suppression lists contains an illegal

parameter label, less than 100.

Illegal gravity parameter label in a suppression
list.

Illegal station parameter label in a suppression
list.

Illegal arc parameter label in a suppression
list.

Illegal value for input B matrix identification

number, negative or greater than 99999.

The number of parameters to be suppressed in

an input matrix is negative or greater than fifty.
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PROGRAM DECK ARRANGEMENT

The SOLVE decks do not have to be in any special order. They are

currently set up in the following order:

. UN18.

. UN19,
.UN20.

. UN28.

. UN29,

. UN30.
MAIN
BACKSB
BEDIT
CALTYP
CHECK
COMB
EDIT
ELIM
ERROR
INCK
INVERT
LBLSUP
MATSUP
MINV
OPARC
OPGRAV
OPSTAT
SUPRSS
UPCOMB



FILE BLOCK PROGRAM OPTIONS

1) Tape 18:
Filename is "UNIT18"
Mode is "BIN"

Unit assignment is "A(1)"

2) Tape 19:
Filename is "UNIT19"
Mode is "BIN"

Unit assignment is "A(2)"

3) Tape 20:
Filename is "UNIT20"
Mode is ""BIN"
Unit assignment is "A(3)"

4) Tape 28:
Filename is "UNIT28"
Mode is "BIN"

Unit assignment is "B(1)"

5) Tape 29:
Filename is "UNIT 29"
Mode is ""BIN"

Unit assignment is '"B(2)"

6) Tape 30:
Filename is "UNIT30"
Mode is "BIN"

Unit assignment is "B(3)"
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TAPE FORMATS

The main portion of SOLVE uses five tapes, identified in the
code as 18, 19, 20, 28, and 29, all binary. There are three types
of data which may appear on these tapes. They are (1) a square
matrix, (2) a rectangular backsubstitution matrix, and (3) a param-
eter set matrix. The square matrix may be an original B, a sup-
pressed, a reduced, a combined, or an inverse combined matrix.
All of these matrices are in a standard format. The last record
on each tape is a dummy matrix ID record (the first record of any

matrix), with a negative record type.
The function of each tape is as follows:

Tape 18: Input tape to SOLVE, containing all B matrices and their
associated parameter set matrices, written on tape in
pairs.

Tape 19: Scratch tape, holds the parameter set matrices.
Tape 20: Scratch tape, holds the reduced matrices.

Tape 28: Scratch tape, holds the suppressed matrices, then the

combined matrix.
Tape 29: Scratch tape, holds the backsubstitution matrices.

The other tape used by SOLVE is tape 30, the edit tape, also

binary. The first record of this tape is a twelve word alpha-numeric

page header for all printed output. The rest of the tape contains
some mixture of complete matrices in standard formats and the
identification records (the first two records) of various matrices.
The only modification to the matrix records occurs in the ID record,
word ITYPE, which is modified to indicate the type of edit desired,

as well as the type of matrix. The last record of the tape is a dummy

ID record, with a negative record type.
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STANDARD FORMAT, SQUARE MATRICES

Matrix Identification (ID) Record, One Per Matrix

MNEMONIC NO. WDS. FORMAT CONTENTS

IRT1 1 Integer ''10001"

IDMAT 1 Integer Matrix Identification Number,
1 to 99998

NROW 1 Integer Number of matrix data rows

NCOL 1 Integer Number of matrix data ele-

ments per row, including Right
Hand Side element

Vi 1x2 Double Total Variance

V2 1x2 Double Dummy Variance word

V3 1x2 Double Arc Variance

NOB 1 Integer Number of Observations

ITYPE 1 Integer Code for matrix type, as follows:

"1" B-matrix

'""3'"" Combined matrix

'"'5'" Reduced matrix

"6'" Inverse combined matrix
"7'"" Suppressed matrix

BNAME 2 Alpha Alpha-numeric name for matrix,
for editing purposes only. It can
be blanks.

Matrix Label Record, One Per Matrix

MNEM(¢. NIC NO. WDS, FORMAT CONTENTS
IRT2 1 Integer '"'10002"

IDUM 1 Integer Dummy parameter label
LLABS NCOL-1 Integer Parameter labels

Matrix Data Element Records NROW Per Matrix

MNEMONIC NO. WDS, FORMAT CONTENTS

IRT3 1 Integer 10003"

RHS 1x2 Double Right Hand Side element
DATA (NCOL-1)x2 Double Matrix data elements, one

matrix row

End of Logical Tape Record, One Per Tape

MNEMONIC NO. WDS, FORMAT CONTENTS
IRT 1 Integer " -19991"
IDUM 13 Integer Dummy words to fill out record

3.16/3.8



STANDARD FORMAT, PARAMETER SET MA TRIX

Parameter Set Identification (ID) Record, One Per Matrix

MNEMONIC NO. WDS, FORMAT CONTENTS
IRT1 1 Integer "10011"
IDMAT 1 Integer Matrix Identification Number

(same as in matrix ID record
for corresponding matrix)

NROW 1 Integer "1

NCOL 1 Integer Number of elements in param-
eter set

IDUM 7 Integer Dummy words to fill record

ITYPE 1 Integer "g"

BENAME 2 Alpha Alpha-numeric name for

parameter set, for editing
only. It may be blanks.

Parameter Set Label Record, One Per Matrix

MNEMONIC NO. WDS. FORMAT CONTENTS
IRT2 1 Integer '"10012"
LABS NCQOL Integer Parameter Labels

Parameter Set Data Element Record, One Per Matrix

MNEMOQONIC NO. WDS. FORMAT CONTENTS
IRT3 1 Integer "10013"
DATA NCOL x 2 Double Parameter Values

3.17/3.9



BACKSUBSTITUTION MATRIX FORMAT

Matrix Identification (ID) Record, One Per Matrix

MNEMONIC NO. WDS. FORMAT CONTENTS

IRT1 1 Integer '"20001"

IDMAT 1 Integer Matrix Identification Number,
1 to 99998

NROW 1 Integer Number of matrix data rows

NCQL 1 Integer Number of matrix data ele-

ments per row, including Right
Hand Side element and the
Eliminated Parameter label

V1 1x2 Double Total Variance

V2 1x2 Double Dummy Variance

V3 1x2 Double Arc Variance

NOQB 1 Integer Number of Observations

ITYPE 1 Integer "o

BNAME 2 Alpha Alpha-numeric name for matrix,
for editing purposes only. It may
be blanks.

Matrix Label Record, One Per Matrix

MNEMONIC NO. WDS, FORMAT CONTENTS

IRT2 1 Integer '20002"

IDUM 2 Integer Dummy parameter label

LABS NCQOL-2 Integer Parameter labels for matrix
columns

Matrix Data Element Records, NROW Per Matrix

MNEMONIC NO, WDS, FORMAT CONTENTS

IRT3 1 Integer ''20003"

LAB 1 Integer Parameter label for matrix row

IDUM 1 Integer Dummy word for padding

RHS 1x2 Double Right Hand Side element

DATA (NCQL-2) x 2 Double Matrix data elements, one matrix
row

End of Logical Tape Record, One Per Tape

MNEMONIC NO, WDS. FORMAT CONTENTS
IRT 1 Integer " -29991"
IDUM 13 Integer Dummy words for padding
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PERM COMMON DEFINITIONS

MNEMONIC NOQO. WDS, FORMAT CONTENTS
B 82 x 2 Double Right hand side or solution vector
for inversion

BNEW 60 x 2 Double Solution vector from backsubstitution

SIGTON 1x2 Double Signal to noise ratio

Vi 1x2 Double Total variance

V2 1x2 Double Dummy variance words

V3 1x2 Double Arc variance

VicC 1x2 Double Combined matrix total variance

vacCc 1x2 Double Combined matrix dummy variance

V3C 1x2 Double Combined matrix arc variance

IRT1 1 Integer Record type one (ID)

IDMAT 1 Integer Matrix identification number

NROW 1 Integer Number of rows in matrix

NCQL 1 Integer Number of columns in matrix

NOB 1 Integer Number of observations

ITYPE 1 Integer Matrix type

BNAME 2 Alpha Matrix alpha-numeric name

IRT2 1 Integer Record type two (label)

LABS 101 Integer Parameter labels record

LABSI 82 Integer Labels of inverted matrix

NRQWI 1 Integer Number of rows in inverted matrix

LABSN 60 Integer Labels of parameters solved for by
' backsubstitution

NRQWN 1 Integer Number of elements in LABSN

NGRAV 1 Integer Number of gravity parameters

NSTAT 1 Integer Number of station parameters

NARC 1 Integer Number of arc parameters

TJPAGE 1 Integer Printed output page number
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MNEMONIC NO. WDS.

LINE 1
NQREC 1
NQREC2 1
QBVS 1
ALPHA 12
IDCOMB 1
NRQWC 1
NCQLC 1
NO@BC 1
ITYPEC 1
BNAMEC 2
LABSC 101

FORMAT

CONTENTS

Integer

Integer
Integer

Real
Alpha

Integer

Integer

Integer
Integer

Integer
Alpha

Integer

Printed output line numbher

Number of backspaces necessary
to position tape at 10001 record

Number of backspaces necessary
to position tape at 10001 record

Total number of observations
Page header for printed output

Matrix identification number for
combined matrix

Number of rows in combined matrix

Number of columns in combined
matrix

Number of observations in com-
bined matrix

|!3|l

Combined matrix alpha name

Parameter label record of combined

matrix
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INPUT COMMON DEFINITIONS

Input check option switch
Program path option switch

Edit Now or Later option

Edit parameter set code

Edit suppressed code

Edit backsubstitution code

Number of parameters to be sup-
pressed in combined matrix

Parameters to be suppressed in
combined matrix

Matrix identification number of

Alpha name of input matrix

Number of parameters to be sup-
pressed in input matrix

Parameters to be suppressed in

Argument for calling SUPRSS

Legal arc parameter labels, in

Legal gravity parameter labels,

MNEMONIC NO. WDS, FORMAT CONTENTS
IQPT1 1 Integer
IOPT2 1 Integer
IQPT3 1 Integer

switch
MEQRG 1 Integer Edit original code
MEPAR 1 Integer
MESUP 1 Integer
MERED 1 Integer Edit reduced code
MEDIC 1 Integer
MECQOM 1 Integer Edit combined code
MEINV 1 Integer Edit inverse code
NCMSUP 1 Integer
JCMSUP 50 Integer
IDIN 1 Integer

input matrix
BNAMIN 2 Alpha
NBSUP 1 Integer
JBSUP 50 Integer

input matrix
NARG 1 Integer
BLKS 1 Alpha Alpha blanks
LARC 21 Integer

proper sort
LGRAV 58 Integer

in proper sort
TDAT 6 Alpha

Data for printing arc parameter
chart
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NAME

PURPOSE

CALLS

OPTIONS

INPUT

OUTPUT

MAIN
Main control program for SQLVE

BACKSB Solves the backsubstitution equations
BEDIT Writes a matrix to be edited onto tape 30

CALTYP Calculates the number of gravity, station and arc

parameter labels in an array

CHECK Controls page feeding and header on printed output
COMB Performs the matrix combination

EDIT Edits all matrices on tape 30 to QU1

ELIM Eliminates parameters from the input matrix
ERROR Handles error exits from SQLVE

INCK Checks card and tape input for errors

INVERT Control program for matrix inversion

@OPARC Print and punch arc parameter output

@OPGRAV Print and punch gravity parameter output

Q@QPSTAT Print and punch station parameter output
SUPRSS Control program for matrix suppression
SOLVE Options are described under Input Cards, page 3.1.

Tape 18, the B matrix and parameter set matrix tape.

The input cards described on page 3.1.

1) Four signal to noise ratios

2) Charts of the original parameter values, the changes and
the updated parameter values for the gravity, station and

arc parameters



TAPES

ERROR
CHECKS

NOTE

3) Punched cards containing the updated gravity, station and

orbital elements parameter set

4) Any desired editing, either on a tape to be printed later

or printed

Six tapes are used, and all are rewound at the beginning and
end of the run

18 Input tape

19, 20, 28, 29 Scratch tapes

30 Edit tape

Error number seven is produced if a matrix indicated on an

input card cannot be found on tape 18

No cards are punched for the two special parameters, speed

of light and earth-moon separation multiplier.



NAME
PURPOSE

METHOD

CALLED BY
CALLS

INPUT

OuUTPUT

TAPES

ERROR CHECKS

NOTES

BACKSB
Solves the backsubstitution equations

The backsubstitution equations are rectangular matrices
(D" 1C) generated during the elimination process, along
with their right hand side vector (D~ 192). The solution
vector (Apz) is formed as follows, where Ap1 is the vector
consisting of the solution set for the portion of the matrix
not eliminated:

tp, =D 'b, - D lcap,

=2

MAIN Main control program for SQLVE
ERROR Handles error exits from SQLVE
B The known delta-p set; i.e., Apl
LLABSI The parameter labels for B
NROWI The number of entries in B
PERM Common area PERM contains the ID and label

records of the D" * C matrix
BNEW The new delta-p set; i.e., Ap2
LABSN The parameter labels for BNEW
NRQOWN The number of entries in BNEW
USED 29 Input, backsubstitution matrix
START 29 At the first 10003 record
END 29 After the last 10003 record

Error number 5 indicates a program or system failure

Before the backsubstitution is performed, the parameter
labels in LABSI and those in LABS (backsubstitution
matrix label record) are compared. If a parameter
appears in the backsubstitution matrix and not in the
delta-p set, it is suppressed in the matrix. If a param-
eter appears in the delta-p set and not in the back-

substitution matrix, it is suppressed in the delta-p vector.



NAME
PURPOSE
CALLED BY
CALLS

INPUT

ouTpPUT

TAPES

ERROR CHECKS

NOTES

BEDIT (NQREC, NOTAP, ITYP)

Writes a matrix to be edited onto tape 30

MAIN
ERROR
NQREC

NQTAP
ITYP

Overall control program for SO)LVE

Handles error exits from SQLVE

The number of times a tape must be back-
spaced to position it at the X0001 (ID)
record

The logical tape number of the input matrix

An integer indicating the desired format for
the edited matrix. This is read from in-
put card type three, the edit card.

The matrix, with ITYPE modified, written in standard

format on tape 30

USED

START

END

30
NQTAP
30
NQTAP

30
NQTAP

Output, edit tape
Input, holds the matrix to be edited
Before the old -49991 record

NQ@REC records past the ID, (X0001)
record of the input matrix

Before the new -49991 record
After the last 10003 record

Error number 6 indicates that NQTAP is not 18, 20, 28

or 29

The code word ITYPE, used by the EDIT program to deter-

mine the type of matrix and the edit format, is computed

as follows:
ITYPE =100 * ITYP + ITYPE,
where the old ITYPE is as it appears in the standard

matrix.
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NAME

PURPOSE

CALLED BY

INPUT

OUTPUT

NOTES

CALTYP (LABA, NP)

Calculates the number of gravity, station and arc param-

eter labels in array LABA

SUPRSS
MAIN
UPCOMB

INCK
@PARC
@PSTAT

LABA
NP

NGRAV
NSTAT
NARC

Control program for matrix suppression
Overall control program for SOLVE

Updates the combined matrix identification
and label records

Checks formats and values of input
Prints and punches arc output

Prints and punches station output

Array of parameter labels
Number of entries in LABA

Number of gravity labels in LABA
Number of station labels in LABA
Number of arc labels in LABA

NGRAV, NSTAT and NARC all appear in common PERM.
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NAME

PURFOSE

CALLED BY

INPUT

OUTPUT

CHECK (NQLIN)

Controls the page feeding and writes the page header for
printed output

MAIN Overall control program for SOLVE

MINV Matrix inversion routine

INCK Checks input format and values

QPARC Prints and punches arc parameter output

QPPGRAV Prints and punches gravity parameter output

QPSTAT Prints and punches station parameter output

NQLIN The number of lines to be printed

LINE The number of lines which appear on the
current page

ALPHA A twelve-word array consisting of the page
header

JPAGE The current page number

LINE is incremented. If the new LINE is greater than

forty-five, a new page is started and JPAGE is incremented.

4.64.4



NAME CQOMB
PURPOSE Performs the matrix combination
METHOD "Combination' is basically a matrix addition, with right

hand side elements also added. However, the matrices
to be added are not necessarily the same size, nor do
they necessarily represent the same parameter set.
Therefore, the addition is performed on corresponding
matrix elements; that is, elements with the same row
and column parameter labels. Thus the combined matrix
will represent a parameter set consisting of all param-

eters appearing in the input matrices.

CALLED BY MAIN Overall control program for SOLVE
CALLS ERROR Processes error exits from SQLVE
INPUT The combined matrix ID and label records in common area
PERM
ouTPUT The combined matrix
TAPES USED 20 Input, matrices to be combined
28 Output, the combined matrix
START 20 and 28 are rewound
END 20 After the new -19991 record

28 Before the new -19991 record

ERROR CHECKS Error number 3 occurs if a label match cannot be found

between an input matrix and the combined matrix label

NOTES The parameters represented in the matrices to be combined
must be from the same original parameter set, or the
delta-p's are meaningless. Therefore, in a normal SOLVE
run, the arc parameters are eliminated before combination
and only matrices representing the same gravity and station
sets should be combined.



NAME

PURPOSE

CALLED BY

CALLS
OPTIONS

INPUT

EDIT

This routine "prints" (i.e., writes on the systems

output tape) all matrices on tape 30, in a specified

format.

MAIN Overall control program for SOLVE,

Edit can also be an independent program.

MINV Matrix inversion routine.

ITYPE 1XX

2XX

3XX

4XX

5XX

Print matrix as is; i. e., unnor-
malized. The rectangular matrices
(parameter set matrices and back-
substitution matrices) may only be

edited in the unnormalized format.

Print normalized matrix; i. e., the
diagonal elements are set to one;
the standard deviation vector is

also printed.

Print the inverse of the input matrix,
with the solution vector as the right

hand side.

Print the Identification and Label
records only; i.e., records X0001
and X0002.

Print the normalized inverse matrix.
Also print the standard deviation vector;
i.e., the square roots of the diagonal

elements of the inverse matrix.

ITYPE A three-digit code word in the ID record of the
record of the matrix, YXX, where:

Y

XX

Specifies the edit format, as indicated
on input card type three (see OPTIONS).

Specifies the type of matrix.



ouTpPuT

TAPES

NOTES:

B matrix
Backsubstitution matrix
Combined matrix
Reduced matrix

Inverse combined matrix

Suppressed matrix

R I OO O W N =

Parameter set matrix

The matrices in the described format on the systems
output tape.

USED 30  Input, edit tape
START 30 Before the -49991 record
END 30 Rewound

The normalization performed is such that if N is the
normalized matrix and A the original matrix, the follow-

ing is true:

The right hand side vector is not changed and the vector
v a; is printed after the matrix.

The edit types normalized, inverse and inverse normalized

may only be used with matrices of orde. 82 or less.



NAME

PURPOSE

METHOD

CALLED BY

CALLS

OPTIONS

INPUT

OouTPUT

TAPES

ELIM (NUMB, CMBLBL)
This routine eliminates parameters from the input matrix.

A Gauss-Jordanelimination is performed on those parameters
to be eliminated, which must be the last parameters in the

matrix. A reduced matrix representing the remaining param-
eters is produced, along with a backsubstitution matrix for the

eliminated parameters.
MAIN Overall control program for SQLVE

UPCQMB Develops combined matrix label record

ERROR Handles error exits from SQLVE

CMBLBL If it is greater than zero, subroutine UPCQMB is
called. Ifit is less than one, UPCQ®MB is not
called.

NUMB The number of parameters to be eliminated from

the matrix. The last (far right) NUMB parameters

are eliminated.

PERM Common area PERM contains the matrix ID and

Label records, as usual.
A reduced matrix and a backsubstitution matrix, both on tape.

USED 20 Output, reduced matrix
28 Input, matrix to be eliminated

29 Output, backsubstitution matrix

START 20 Rewound, or before -19%91 record
28 At first 10003 record

29 Rewound, or before -29991 record

.10



ERROR
CHECKS

END 20 Before new -19991 record
28 After last 10003 record
29 Before new -29991 record

Error number 1 indicates that a zero or negative pivot ele-
ment was found during elimination. This means the matrix
ig either ill conditioned for elimination or is not positive

definite.

Error number 2 indicates a program or system error during

ELIM.

.11



|

NAME
PURPCSE

CALLED BY

INPUT

OUTPUT

ERROR (NERR)

Handles error exits from SQLVE

MAIN Main control routine for SQLVE

BACKSB  Backsubstitution routine

BEDIT Writes matrices to the Edit tape

COMB Matrix combination routine

ELIM Matrix elimination routine

@PARC Prints and punches arc parameter output
INCK Checks input format and values

NERR Error number

PERM The matrix ID and label records are in PERM

common, as usual

The following messages are printed:

JOB TERMINATED DUE TO ERROR NUMBER XXXX.
IDENT NROWS NCQLS BNAME TYPE
XXXXX XXXXX XXXXX Alpha X

The "XXXXX'" are the appropriate numbers.

4.12/4.5




NAME

PURPOSE

CALLED BY

CALLS

OPTIONS

INPUT

OuUTPUT

INCK (M)
Checks the card and tape input to SQLVE for various errors
MAIN Main control program for SQLVE

CALTYP Calculates the number of gravity, station and arcs
CHECK Controls the page feeding on printed output

ERROQR Handles error exits from SQLVE

M Indicates the particular input to be checked:
M = 0, check input tape
M = 2, check Options Card, card type two
M = 3, check Edit Card, card type three
M

n
>

, check Combined Matrix Card, card type
four

M = 5, check Combined Matrix Suppression List,

card type five

2
&

check B Matrix Card, card type six

=
n
“\1

check B Matrix Suppression List, card

type seven
INPUT Common contains all quantities read from the input
cards.
Tape 18 is the input tape.
If an error is found which would cause SQLVE to function incor-
rectly, ERRQR is called and the job terminated. If a correct-

able error is found, a message is written, the item corrected,

and the run continues.

If no errors are found, no action is taken.

.13



TAPES

ERROR
CHECKS

USED 18 Inputif M =0
START 18 Rewound

END 18 Rewound

For a list of the error checks made by INCK and the action

taken for non-fatal errors, please see Error Checks, page 3.10.

4.14



NAME

PURPOSE

CALLED BY

CALLS

OPTIONS

INPUT

OuUTPUT

TAPES

INVERT (IEDIT)

Control routine for matrix inversion

MAIN Main control program for SOLVE
MINV The subroutine which actually inverts a matrix
IEDIT If it is greater than zero, the inverse matrix is

to be edited and is written on tape 30. If it is zero

or negative, the matrix is not edited.

SIGTQN Signal to noise ratio

PERM Common contains the ID and Label records of the

matrix to be inverted.

Updated SIGTQN

Delta-p set, that is, the solution vector in array B in common

area PERM, and the parameter labels for it in array LLABSI.

USED 28
30

START 28
30

END 28
30

Input, matrix to be inverted

Output, edit tape

Before the first 10003 record
Before the -49991 record

After the last 10003 record

Before the new -49991 record.
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NAME

PURPOSE

CALLED BY

INPUT

OUTPUT

NOTES

LBLSUP (JSUALL, NSUALL)

Sets to zero the labels in array LLABS corresponding to

parameters to be suppressed

SUPRSS

JSUALL

NSUALL
LABS
NCOQL
NGRAV
NSTAT

LABS

Control program for suppression

An array of up to 50 entries, consisting of
parameter labels or code labels to be
suppressed

The number of entries in JSUALL
Matrix label record

Number of entries plus one in LABS
Number of gravity parameter labels

Number of station parameter labels

Matrix label record, with zeros inserted

1. For an explanation of parameter code labels, see Param-
eter Labels, page 3.7,

If a parameter label to be suppressed does not appear in

array LABS, no action is taken and the routine continues

normally.
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NAME

PURPOSE

METHOD

CALLED BY

INPUT

ouTPUT

TAPES

MATSUP

Deletes matrix rows and columns and writes the suppressed

matrix data records on tape 28

The rows and columns corresponding to the various param-
eters to be suppressed are deleted. The remaining rows
and columns, condensed to a square matrix, form the

suppressed matrix.
SUPRSS Control program for matrix suppression

LABS Parameter label record, with zeros substituted
for the original label of the various param-
eters to be suppressed

NCOQL The number of elements in an original matrix
data row, including the right hand side

The suppressed matrix data rows, written on tape 28

USED 18 Input, original B-matrix data rows
28 Output, suppressed matrix data rows
START 18 Before first 10003 record
28 After the 10002 record
END 18 After the last 10003 record

28 After the last 10003 record
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NAME

PURPOSE

METHOD

CALLED BY

CALLS

INPUT

OouTPUT

ERROR
CHECKS

MINV (N)
Inverts and solves a matrix

A Gauss-Jordan elimination, with a pivot search on the
diagonal elements
INVR Control program for matrix inversion

EDIT Edits matrices for printing
CHECK Controls page spacing of printed output

N Order of matrix, not to exceed 82

Two-dimensional array containing the matrix to

be inverted

B The Right Hand Side vector

A Inverted matrix

The Solution vector
If a pivot element is found which is negative or zero, a mes-
sage is printed indicating that the matrix is not positive definite

and in which row the bad pivot occurred. However, the run

continues,
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NAME
PURPOSE
CALLED BY

CALLS

INPUT

OUTPUT

TAPES

ERROR CHECKS

NOTES

QPARC(VEC, LAB, NP, ID)
Print and punch arc parameter output
MAIN Overall control program for SOLVE

CALTYP Calculates number of gravity, station or
arc parameters

CHECK Controls page feeding on printed output

ERROR Error exit from SQLVE

VEC Delta-p set of arc parameters for this
matrix

LAB Label set corresponding to VEC

NP The number of elements in VEC

1D Matrix identification number for the matrix

whose arc parameters are being processed

Tape 19 contains the parameter set matrix for matrix ID.

A chart of original parameter values, computed change,
and the updated parameter values.
Punched cards containing the updated parameter set, to

be used as input to the integration system.

USED 19 Input, parameter set matrices

START 19 Positioned at any type 10011 record or
at the -19991 record

END 19 After the 10013 record

Error number eight indicates that the parameter set for

matrix ID was not found on tape 19

If all arc parameters in a matrix are suppressed, no
printed or punched output will be generated for that

matrix.
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NAME
PURPOSE
CALLED BY

CALLS

INPUT

OUTPUT

TAPES

NOTES

@QPGRAV (VEC, LAB, NP)

Print and punch gravity parameter output

MAIN Overall control program for SQLVE

CHECK Controls page feeding and header on printed
output

VEC Delta-p set of gravity parameters for this run

LAB Label set corresponding to VEC

NP Number of entries in VEC

Tape 19 contains the parameter set matrices

A chart of original parameter values, computed changes,
and the updated parameter value
Punched cards containing the updated parameter set, to be

used as input to the integration system.

USED 19 Input, parameter set matrices
START 19 Not positioned
END 19 After the 10013 record of thelast param-

eter set matrix

If all gravity parameters in this run have been suppressed,

no printed or punched output will be generated for this run.



NAME
PURPOSE
CALLED BY

CALLS

INPUT

OuUTPUT

TAPES

NOTES

@PSTAT (VEC, LAB, NP)
Print and punch station parameter output
MAIN Overall control program for SQLVE

CALTYP Calculates the number of gravity, station
and arc parameters

CHECK Controls page feed and header printing

VEC Delta-p set of station parameters for this
run

LAB Label set corresponding to VEC

NP Number of entries in VEC

Tape 19 contains the parameter set matrices

A chart of original parameter values, computed change,

and the updated parameter values in spherical co-ordinates.

Punched cards containing the updated parameter set, to

be used as input to the Normal Equations system.

USED 19 Input, parameter set matrices
START 19 Not positioned
END 19 Before the -19991 record

If all station parameters in the run have been suppressed

3

no printed or punched output will be generated for that

run.
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NAME

PURPOSE
CALLED BY
CALLS

OPTIONS

INPUT

OUTPUT

TAPES

SUPRSS (JSUALL, NSUALL)
Control program for matrix suppression
MAIN Overall control program for SQLVE

CALTYP Calculates number of gravity, station and
arc parameters in original matrix

LBLSUP Sets to zero the labels in array LABS
corresponding to parameters to be
suppressed

MATSUP Deletes matrix row and column of the
parameters to be suppressed

NSUALL=0 No parameters to be suppressed for this
matrix; the matrix is transferred from
tape 18 to tape 28, with revised ITYPE

JSUALL An array of up to 50 entries, consisting of
parameter labels or code labels to be
suppressed

NSUALL The number of entries in JSUALL

PERM Common area PERM contains the matrix

identification and label record

1. Suppressed matrix

2. Parameter set matrix

USED 18 Input, original B-matrix
19 Temporary parameter set tape

28 Output, suppressed matrix

START 18 Before first 10003 record, input matrix
19 Rewound, or before -39991 record
28 Rewound, or before -19991 record
END 16 After last 10003 record, input matrix

12 Before new -39991 record
23 Before new -19991 record



NAME

PURPOSE

CALLED BY

CALLS

INPUT

OouTPUT

NOTES

UPCOMB

Develops the combined matrix ID and label records, in

common area PERM
ELIM Elimination routine

CALTYP Calculates the number of gravity, station
and arc parameters in a matrix

SIGTQN Current signal-to-noise ratio
ID and label records to be used to update the combined
ID and label records

Updated SIGTQN

Updated ID and label records for the combined matrix

UPCQMB should be called by the subroutine which
generates the matrices to be combined. In a normal
S@LVE run, this subroutine is ELIM.



SECTION V
FLOW CHARTS




Read Card
Type One,
Alpha Data

Initialize
Edit
Constants

Call
CHECK

Read Card

Type Two,
tions Card

Check on Cards

Read Card
Type Three,
Edit Card

Check on Cards
?

Read Card
Type Four,
Combined Data




Input
Check on Cards
?

Any
uppression Lis
for Comb.

Read Card
Type Five,
Suppresion Lis

NO

NO

Initialize Combined
Matrix Constants

Read Card
Type Seven,
Suppressionfist

Matrix Data

( cad Garg,

Consolidate
Suppression Lists
to Array

JBSUP

Set NARG to the
Number of Entries
in JBSUP

Look for Current

B Matrix on Tape
18
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Original Matri;

Read
Original
Matrix

Labels to
Common
from 18

)

Revise Matrix
Name, if
Necessary

Set Signal-to-Noisqg

Ratio to Total

Variance
i

Edit
Suppressed
Matrix

Rewind
Tapes

18, 19, 28

Read
Suppressed

Matrix

Read ID

Record to
Common
from 28

Find Number of
Arc Parameters
to be Eliminated

Read

Edit
Parameter
List

Liabel
Record to
Common

rom 28




Reduced or
Backsub.

Rewind
Tapes

20, 28,
29

Edit
Combinegd

Call
INVERT

Calculate:
Various Signal-
to-Noise Ratios

Print
Various
Signal-to-
Noise

in Solution

Any
Arc Parameter

in Solution
?




Edit
Now Option
On ?

NO

‘ RETURN ’

Read
Back-sub.
Matrix

Read
ID Rec-
ord to
Common
from 29

YES

End of Tape€

Read
Label
Rec.

to Commo;
from 29

Call \
BACKSB,

Call
OPARC




{( BACKSB )

y

—®

Set: Set:
L=1 LL=0,
=1
1,01 1.06 '
Do, J=3, NCOL
Do, J=3, NCOL
1.02 Set:
LL=LL+1
Do K=1, NROWI
LABS(J) Yes | Store:
=LABSI(K) BCU}R(L) = z Yes
K
No No
Set: I
1.03 L=1+41 Move DATA
column LL to
column L
Set: 7
LABS(J)=0.
(04

f!
Return




Set TVEC
to zero

@ Do J = 1, NROW
@ Do K = 1, NROWIC

Calculate

D INVERSE C
times new
Delta-p's

Calculat'e: _
TVEC(J) =TVEC {. -~
(J) + DATA(J,K)

*BCUR(K)

Do K =1, NROW

Calculate:
BNEW (K) =
BVEC(K)-TVEC
(K)

Set:
NROW




BEDIT
(NOREC, NO-
TAP, ITYP)

Position Tape
NOTAP at start
of matrix ID
Record

Calculate ITYPE
= ITYPE +ITYP#
100

diting
Ident only

Do L= 1, NROW

y
Return
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<CALTYP >

Set NGRAV,
NSTAT and
NARC to zero

LABA(J
> 10, 000

ABA(J
> 1,000

Set NARC
to NARC+1

SetNGRAV
t? NGRAV+

Do J =

Set NSTAT
to NSTAT+

2, NP




{CHECK )

y

Set: LINE=LINE
+ NOLIN

Set:
JPAGE=JPAGE
+1

Set:
LINE = 1
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< COMB >

\

Zero Area
DATA

Set LABS
Rector to
Zeros

DO J = 2, NCOL
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DO KK =2, NCOLC

ABSC(K
ABS(J)

Return

Add Right Hand

Set KK Side to Row KK,
to KK-1 Area DATA

Set N

to 2
DO K =2, NCOLC

Add Row Ele-
ment BUF (N)
to DATA (KK,K)

Set N to

N+1

@ ‘ Return ’
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Set JPAGE
to One

Read
HIDH
Record
Tape
30

Negative
Record
Type

y

‘ RETURN ’

Printed
Whole
Matrix

Write
Page
Header

Printing
Parameter
Set

Starting
New
Matrix

YES

Form
Matrix
Header

Write
1] VIDY T
Record

Heady:_\

Write
1 IIDI '
Record




Part of

Starting
New Matrix

Row Printed

Write
Variance

hole
Matrix
Read In

Write
Label
Record

Set Up Arrays
and Counters
to Print Labels

Editing
Ident. Only

Normalized
Matrix

Multiply Each
Element of Row
by Normalization
Factors
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Write
Right
Hand Side
Element

Starting
New Matrix

Current
Page Full

Set: NN to
YES| Number of
Elements in
Row

Will
Whole Row
F'it on Page

Set: NN to
Maximum Number
of Elements Which|
Will Fit

3.03

Elements
of Row

Row Not Printed

Reset NN

Matrix Finished

Editing Un-Norm.

Standard
Diaviations
Done
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1-------

Write
Paramete
Set
Headers

Write Paral
meter Set
Labels
and Data

Will
Matrix Fit
in Core

Inversion

Required

Form Normalization

Vector, )//::'

Move One Matrix
Row to Print

Area

Inversion

Required

Store yl ai in
Normalization
Vector

Matrix
Finished

NO

Back-
space
Over

Matrix

Write

Standard
Deviation
Header

Form Standard
Deviations in Print

Area
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Update
Combined
Label

Call
UPCOMB

No. of
Parameters to
be Eliminated
>0.

Set NEND =

NCOL-NUMB-1[_

Space
Forward
NEND

Records
20

Save RHS
Vector in
HOLD

Records
to 20

Number of
Rows not Elim.

y
‘ RETURN ’
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Set: L =
NCOL - NUMB

Current
Pivot
Column

Set:
L=L+1

Save Pivot
Element,
PIV = DATA (J,L

Set:
DATA (J, L)=0

Divide Each
Element, Row J,
(including RHS)
by PIV

Set:
JJ=J +1

DO J =1, NUMB

< RETURN )

Current
Pivot
Row

Save Element
to be Zeroed,
CUR=DATA (N, L)

Set:
DATA (N,L) =

DO K =1, NCOL

Calculate:

DATA (N,K) =
DATA (N,K) -
DATA (J,K)* CUR|

1

DO N =JJ, NUMB




Set: L =

NCOL-NUMB+1|

First Elmt.
of Row to
be Zeroed

Set:
MM = NUMB -1

Pivot Row
Set: b - -
Zero Elem.

Row with
Element
Zeroed

Save Element
to be Set to

Zero. CUR =
DATA (LL,M)

Set:
DATA (LL,M)

DO M = L, NCOL

—©

Set:
J=J+1

DO K=1, NCOL

Calculate:
DATA (LL,K)=
DATA (LL,K) -

DATA (J,K)*CUR

Calculate V 3:

V 3 = Dot Prod.

0Old RHS and
New RHS

Update
Combined

V3



Set L. = NOCL-
NUMB

First elm.,
to be zeroed

Do LL=1, NEND

d.03

Set:
J=J+1

O

Do M=1, NUMB

Save element being
set to zero.
CUR= BUF(J)

DoK=1,L

Calculate: BUF(K)=
BUF(K) -DATA(M,
K)*CUR

Write
reduced
row on 20

matrix on
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< ERROR >

Print
Ident.
Header

Print
Ident.
Record
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Do K=1, NSUALL

Do J =2, NCOL

ent lahe
cquals LABS-

Set NSTR
to NGRAV
+2

to zero

Set NEND to
No Yes NGRAV + ‘
NSTAT + 1
Compare station
numbers of cur-
rent label and
LABS(J)
Compare M, N of Compare M, N of Do J=NSTR, NEND
Current label Current label No
with LABS(J) with LABS(J)
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_ Do J=2, NEND
Do J=2, NEND Set LABSD
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Set LABS(J Set LABS(J )
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Set NC3
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Set NC3 to
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Set DATA (NC3)

Do K = 2, NCOL
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( MINV )

/

Set Array
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|

¢
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Diagonal Element
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Set:
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Divide Right
Hand Side
Element by
AMAX
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Set:
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A (L1 L) =
A (LLL) -
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RETURN
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Set: NSTR=
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More
Labels ?

NO

Punch Updated
Parameter Set

RETURN

Update Current
Label Pointer




Set: NSTR=
NGRAV +2
NEND = NGRAV
+ NSTAT +1

NO

Move Arrays
in LABS, BUF
to LABO, ORIG

Compare
Current LABS

to Current
LABO Element

Transfer to
Temporary
Arrays Current
LABO, ORIG

Transfer to
Temporary
Arrays Current
LABS, BUF




Move Rest of
LABS, BUF
to Temporary

Array

Back-
space
19

CALL
CHECK

Print
Station
Header

Move Rest of Transfer Set NCOLO to
LABO, ORIG. +»| Temporary Number of_

to Temporary Arrays to ElAe]IBnénts in
Arrays LARO, ORIG

.39



Search LAB for
Current LABO(m)

| DELTA =

Set

0.0

Set

DELTA =
Corresponding
Element in VEC

Set UPDAT =
DELTA +
ORIG (m)

Headers
Needed

| Headers

Print
Station

Label
5999 or 6999

Print
Station
Number

YES

Compute
Original Value in
Spherical Co-
ordinates

Find Updated Value
for PHI of
Current Station

Compute Updated
Value in Spherical
Co-ordinates

Compute Change
in Parameter in
Spherical Coord.

Print
1 RH
Values

Print
Special

Parameter
Header,




Parameter

Compute Original
Value in Spherical
Co-ordinates

Find Updated
Value of '"R" of
Current Station

Find Change in
Parameter in
Spherical Co-
ordinates

Values

—

Punch all '
Updated
Station P's,

RETURN




{SUPRSS )

Call
CALTYP

From Suppress-
ed ID and label
records

rite
Sup'd ID
& label

t
Con2se

y
Return
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<E%PCOMB >

Update no. of ob
servations and
variances of
combined

Update
SIGTON

Call -
CALTYP

Set: KK=NGRAV
+1, KKK=KK+
NSTAT

Set: NN=
NGRAV +1,
NNN=NN +1

non e

Store array
LABS in array
LABSC

Set: NROWC =
NROW, NCOLC =
NCOL

Old
Combined
Matrix

New
Call P Matrix
-
< CALTYP >“
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Check for mora
grav. labels

cess gravity
Wel

Move Old com-
_LA]_;?S%S&) bined label,
S LABSOK), to
LABT(L)
Move new label, SftK’ “
LABS(N) to
LABT(L)
Move New label,
LABS(N) to e
LABT(L) Set: NN+l
et: N= _ ro-
IN+1 >

Yes

Set:

Move old com-
bined label,

L=1+1

LABSC(K), to
LABT(L)

alSet:

{Set:

=Lt1

LABS(N), to
LABT(L)

Move new label,

Set:
N=N+1

T K=K+1
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Set Switch for
process station
labels

Set:
L=L+1

Move array
LABT to
array LABSC

Set: NCOLC = L,
NROWC = L-1
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INTRODUCTION



INTRODUCTION

MERGE is a data handling system, designed to consolidate matrices
generated by NORMA L. EQUA TIONS onto one tape, to be used as input
to SOLVE. It will transfer matrices from up to four input tapes to a
fifth tape, which may also, if desired, contain matrices to be saved.
The output merged tape may be edited in any one of the standard edit
formats used in SOLVE. Specified matrices from the four input tapes
may be deleted; i.e., they will not be written on the output merged
tape. The matrices must be in the standard B-matrix or parameter
set matrix formats used by SOLVE. Up to 80 matrices may be written
on a single output tape.

Input to MERGE consists of (1) up to four old merged tapes and/or B-
matrix tapes generated by NORMAL EQUATIONS, and (2) various input
cards indicating program options and other information. A write- up of
the input cards appears on page 3.1. OQutput consists of (1) the new
merged tape, and (2) any editing requested. The input tapes are not
destroyed.
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LUNGFISH MERGE SYSTEM FLOWCHART

MERGE

_Read All

Input Tapes

Write Data

To Tape 30

EXIT
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INPUT CARDS

1) Card Type One, Options Card

2)

cc 5 Integer 1, 2, 3 or 4 indicating the number of input tapes.

cc 9-10 Positive integer less than or equal to 80, indicating the

maximum number of matrices to appear on output merged

tape.
cc 15 Integer edit code for the output merged tape, as follows:
0 - No Editing Required
1 - Unnormalized
2 - Normalized, diagonal elements one
3 - Inverse
4 - Identification Records Only
5 - Normalized Inverse with Standard Deviations

(Note: For more detail on edit formats, see the subroutine
write-up for EDIT, in SOLVE.)

cc 20 Integer O or 1, as follows;

0 - The output tape does not contain matrices to
t

cc 24-25 Positive integer indicating the number of matrices which, if
found on one of the four input tapes, will not be written on the

merged tape (i. e., will be deleted).
Card Type Two, Matrix Deletion List

cc 1-70 Positive integers, in five column fields. These are the
matrix identification numbers for those matrices, if any,
to be deleted. This list may extend over more than one

card. If no matrices are to be deleted, omit this card.

3.1



3) Card Type Three, Page Header

cc 1-72 Alpha-numeric data to appear at the top of each page
of output if editing is required. If editing is not

specified, omit this card.

3.2



OPERATING INSTRUCTIONS

1) The system control cards required in the overall deck setup are:

$JOB

$SETUP 04

$SETUP 06 (omit if only one input tape)
$SETUP 14 (omit if less than three input tapes)
$SETUP 15 (omit if less than four input tapes)
$SETUP 16

$EXECUTE IBJOB

$IBJOB

$DATA

MERGE decks, binary or source

MERGE data deck

2) The tape setup is:

DCS Unit Tape Function
04 First Input Tape
06 Second Input Tape
14 Third Input Tape
15 Fourth Input Tape
16 Output Tape

If only one tape is used, it is mounted on DCS unit 04; if two are

used, they are mounted on units 04 and 06; and so forth.

3) Output consists of the output merged tape on DCS unit 16, and

any editing requested.

3.
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ERROR LIST
Number Routine
101 MERGE
102 MERGE
6 BEDIT
103 MEDIT

Meaning

The number of matrices to be written on

the merged tape exceeds 80.

The number of tapes to be merged is less than

one or greater than four.

Edit requested of a scratch tape (system or

program bug).

Edit requested requires the inversion of a

matrix of order 83 or greater.
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PROGRAM DECK ARRANGEMENT

The MERGE decks do not have to be in any special order, they are

currently set up as follows:

. UN18.
. UN20.
. UN28.
. UN29.
. UN30.
MERGE
BEDIT

CHECK
ERROR
MEDIT
MINV
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FILE BLOCK PROGRAM OPTIONS

1) Tape 18:
Filename is "UNIT18"
Mode is '""BIN"
Unit assignment is "A(1)"

2) Tape 20:
Filename is "UNIT 20"
Mode is "BIN"
Unit assignment is "A(3)"

3) Tape 28:
Filename is "UNIT 28"
Mode is "BIN"

Unit assignment is '""B(1)"

4) Tape 29:
Filename is "UNIT 29"
Mode is "BIN"

Unit assignment is ""B(2)"

5) Tape 30:
Filename is "UNIT 30"
Mode is "BIN"

Unit assignment is ""B(3)"

3.6



TAPE FORMATS

MERGE uses five tapes, all binary. The input tapes are designated

18, 20, 28 and 29 in the code. Each input tape contains various matrices
in the standard format (given in the following pages) used in SOLVE,

with an end of logical tape record. The output tape is designated tape

30 in the code. At the start of a MERGE run it may contain matrices
and an end of logical tape record, or it may be a scratch tape. (The
card input to MERGE specifies which type of output tape is being used.)
At the end of a MERGE run, the output tape is in standard format for
SOLVE.
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STANDARD FORMAT, SQUARE MATRICES

Matrix Identification (ID) Record, One Per Matrix

MNEMONIC NO. WDS, FORMAT CONTENTS

IRT1 1 Integer ''10001"

IDMAT 1 Integer Matrix Identification Number,
1 to 99998

NROW 1 Integer Number of matrix data rows

NCOL 1 Integer Number of matrix data ele-

ments per row, including Right
Hand Side element

V1 1x2 Double Total Variance

V2 1x2 Double Dummy Variance word

V3 1x2 Double Arc Variance

NOB 1 Integer Number of Observations

ITYPE 1 Integer Code for matrix type, as follows:

"1'" B-matrix

'""3'"" Combined matrix

"5'" Reduced matrix

"6" Inverse combined matrix
"7 Suppressed matrix

BNAME 2 Alpha Alpha-numeric name for matrix,
for editing purposes only. It can
be blanks.

Matrix Label Record, One Per Matrix

MNEM(¢.NIC NO. WDS, FORMAT CONTENTS
IRT2 1 Integer '"'10002"

IDUM 1 Integer Dummy parameter label
LLABS NCOL-1 Integer Parameter labels

Matrix Data Element Records NROW Per Matrix

MNEMONIC NO. WDS, FORMAT CONTENTS

IRT3 1 Integer "10003"

RHS 1x2 Double Right Hand Side element
DATA (NCOL-1)x2 Double Matrix data elements, one

matrix row

End of Logical Tape Record, One Per Tape

MNEMONIC NO. WDS, FORMAT CONTENTS
IRT 1 Integer " -19991"
IDUM 13 Integer Dummy words to fill out record
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STANDARD FORMAT, PARAMETER SET MA TRIX

Parameter Set Identification (ID) Record, One Per Matrix

MNEMONIC NO. WDS, FORMAT CONTENTS
IRT1 1 Integer "10011"
IDMAT 1 Integer Matrix Identification Number

(same as in matrix ID record
for corresponding matrix)

NROW 1 Integer "

NCPDL 1 Integer Number of elements in param-
eter set

IDUM 7 Integer Dummy words to fill record

ITYPE 1 Integer g

ENAME 2 Alpha Alpha-numeric name for

parameter set, for editing
only. It may be blanks.

Parameter Set Label Record, One Per Matrix

MNEMO NIC NO. WDS. FORMAT CONTENTS
IRT2 1 Integer "10012"
LABS NCQOL Integer Parameter Labels

Parameter Set Data Element Record, One Per Matrix

MNEMONIC NO. WDS. FORMAT CONTENTS
IRTS3 1 Integer "10013"
DATA NCOL x 2 Double Parameter Values
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PERM COMMON DEFINITIONS

MNEMONIC NOQO. WDS. FORMAT CONTENTS
B 82 x 2 Double Right hand side or solution vector
for inversion
BNEW 60 x 2 Double Solution vector from backsubstitution
SIGTON 1x2 Double Signal to noise ratio
V1 1x2 Double Total variance
V2 1x2 Double Dummy variance words
V3 1x2 Double Arc variance
ViC 1x2 Double Combined matrix total variance
vacC 1x2 Double Combined matrix dummy variance
v3C 1x2 Double Combined matrix arc variance
IRT1 1 Integer Record type one (ID)
IDMAT 1 Integer Matrix identification number
NROW 1 Integer Number of rows in matrix
NCQL 1 Integer Number of columns in matrix
NOB 1 Integer Number of observations
ITYPE 1 Integer Matrix type
BNAME 2 Alpha Matrix alpha-numeric name
IRT2 1 Integer Record type two (label)
LABS 101 Integer Parameter labels record
LABSI 82 Integer Labels of inverted matrix
NRQWI 1 Integer Number of rows in inverted matrix
LABSN 60 Integer Labels of parameters solved for by
' backsubstitution
NROWN 1 Integer Number of elements in LABSN
NGRAV 1 Integer Number of gravity parameters
NSTAT 1 Integer Number of station parameters
NARC 1 Integer Number of arc parameters
TJPAGE 1 Integer Printed output page number
3.193.10



MNEMONIC NQO. WDS.

LINE 1
NQREC 1
NQREC2 1
OBVS 1
ALPHA 12
IDCOMB 1
NRQWC 1
NCQLC 1
NOBC 1
ITYPEC 1
BNAMEC 2
LABSC 101

FORMAT

CONTENTS

Integer

Integer
Integer

Real
Alpha

Integer

Integer

Integer
Integer

Integer
Alpha

Integer

Printed output line number

Number of backspaces necessary
to position tape at 10001 record

Number of backspaces necessary
to position tape at 10001 record

Total number of observations
Page header for printed output

Matrix identification number for
combined maitrix

Number of rows in combined matrix

Number of columns in combined
matrix

Number of observations in com-
bined matrix

l|3|l

Combined matrix alpha name

Parameter label record of combined

matrix

3.20/3.11



SECTION IV

SUBROUTINE WRITE-UPS




NAME

PURPOSE

CALLS

OPTIONS

INPUT

OUTPUT

TAPES

MERGE

Overall control program for the B matrix tape MERGE

system.

BEDIT Binary tape to tape routine

ERROR Error exit from MERGE

MEDIT Matrix edit routine

IEDIT Edit option, indicates either no editing, or one
of five edit formats (see subroutine write up for
MEDIT)

I0LDM Save old matrices option, indicates whether or not
there are matrices to be saved on the output tape.

NODELT Deletion option, indicates whether or not certain
matrices are not to be written from the input
tapes to the output tape.

NOTAP Number of input tapes, one through four.

IDELT List of matrices to be deleted, if any.

ALPHA Alpha-numeric page header for printed output,

if any.

Merged tape on tape 30

1) USED 18, 20, 28 and 29, input tapes. 30 is the
output tape.

All tapes are rewound at the beginning and end of MERGE.



ERROR
CHECKS

Error number 101 indicates too many matrices were to
be merged onto one output tape.

Error number 102 indicates too many input tapes requested

4.
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NAME
PURPOSE
CALLED BY
CALLS

INPUT

OUTPUT

TAPES

ERROR CHECKS

NOTES

BEDIT (NQREC, NQTAP, ITYP)

Writes a matrix to be edited onto tape 30

MAIN
ERROR
NQREC

NQTAP
ITYP

Overall control program for SQLVE
Handles error exits from SQLVE

The number of times a tape must be back-
spaced to position it at the X0001 (ID)
record

The logical tape number of the input matrix

An integer indicating the desired format for
the edited matrix. This is read from in-
put card type three, the edit card.

The matrix, with ITYPE modified, written in standard

format on tape 30

USED

START

END

30 Output, edit tape

NQTAP Input, holds the matrix to be edited

30 Before the old -49991 record

NQTAP N@REC records past the ID, (X0001)

record of the input matrix
30 Before the new -49991 record

NQTAP After the last 10003 record

Error number 6 indicates that NQTAP is not 18, 20, 28

or 29

The code word ITYPE, used by the EDIT program to deter-

mine the type of matrix and the edit format, is computed

as follows:
ITYPE =100 * ITYP + ITYPE,

where the old ITYPE is as it appears in the standard

matrix.
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NAME

PURFOQOSE

CALLED BY

INPUT

OUTPUT

CHECK (NQLIN)

Controls the page feeding and writes the page header for
printed output

MAIN Overall control program for SOLVE

MINV Matrix inversion routine

INCK Checks input format and values

@PARC Prints and punches arc parameter output

@PGRAV Prints and punches gravity parameter output

@PSTAT Prints and punches station parameter output

NQLIN The number of lines to be printed

LINE The number of lines which appear on the
current page

ALPHA A twelve-word array consisting of the page
header

JPAGE The current page number

LINE is incremented. If the new LINE is greater than

forty-five, a new page is started and JPAGE is incremented.
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NAME
PURPOSE

CALLED BY

INPUT

OUTPUT

ERROR (NERR)

Handles error exits from SQLVE

MAIN Main control routine for SQLVE

BACKSB  Backsubstitution routine

BEDIT Writes matrices to the Edit tape

COMB Matrix combination routine

ELIM Matrix elimination routine

@PARC Prints and punches arc parameter output
INCK Checks input format and values

NERR Error number

PERM The matrix ID and label records are in PERM

common, as usual

The following messages are printed:

JOB TERMINATED DUE TO ERROR NUMBER XXXX.
IDENT NROWS NCQLS BNAME TYPE
XXXXX XXXXX XXXXX Alpha X

The "XXXXX'" are the appropriate numbers.
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NAME

PURPOSE

CALLED BY

CALLS

OPTIONS

MEDIT

This routine '"prints" (i.e., writes on the systems

output tape) all matrices on tape 30, in a specified

format.

MERGE

MINV

ITYP

Overall control program of MERGE

Matrix inversion routine.

Print matrix as is; i.e., unnor-
malized. The rectangular matrices
(parameter set matrices and back-
substitution matrices) may only be
edited in the unnormalized format.
Print normalized matrix; i.e., the
diagonal elements are set to one.
Print the inverse of the input matrix,
with the solution vector as the right
hand side.

Print the Identification and Label
records only; i.e., records X0001 and
X0002.

Print the normalized inverse matrix.
Also print the standard deviation vector;
i.e., the square roots of the diagonal

elements of the inverse matrix.

4,
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OUTPUT

TAPES

The matrices in the desired format on the systems

output tape.

USED 30
START 30
END 30

Input, edit tape
Rewound

Rewound

4,

7



NAME

PURPOSE

METHOD

CALLED BY

CALLS

INPUT

OUTPUT

MINV (N)
Inverts and solves a matrix

A Gauss-Jordan elimination, with a pivot search on the

diagonal elements

INVR Control program for matrix inversion

EDIT Edits matrices for printing
CHECK Controls page spacing of printed output

N Order of matrix, not to exceed 82

A Two-dimensional array containing the matrix to
be inverted

B The Right Hand Side vector

A Inverted matrix

The Solution vector
If a pivot element is found which is negative or zero, a mes-
sage is printed indicating that the matrix is not positive definite

and in which row the bad pivot occurred. However, the run

continues.
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Rewind
30

Read Options
Card

Too
Many Tapes

Deletion
Option On

Read Deletion
List

Negative No
Record Type

Option On

Read Header
Data

Illegal
Edit Code

Set Code
to One




Current
Tape

Type Nega-
tive

Deletion
Option On

Compare matrix
ID with deletion
list

Tapes Done

All Edit

Option On

Call
Edit

Rewind
All

Tapes

A
Return




BEDIT

(NOREC, NO-
TAP, ITYP)

4
Position Tape
NOTAP at start
of matrix ID
Record

Calculate ITYPE
= ITYPE +ITYP*
100

Editing
Ident only?

Do L= I, NROW

Return
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{CHECK )

y

Set: LINE=LINE
+ NOLIN

Set:
JPAGE=JPAGE
+1

Set:
LINE = 1

No
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< ERROR >

Print
Error
Number

Print
Ident.
Header

Return
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Rewind
30

Set:
J PAGE = |

Read
HIDII

Record
Tape
30

eg.
Record
Type

( RETURN )

Set up Word ITYP.
Indicates Matrix
and Edit Type

Printed
Whole
Matrix

Printing
Parameter
Set

Write
Form [AE & oW1l
D

Matrix Record
Header Header

Starting
New Matrix

NO

Write
||IDII
Record




Part of

Starting
New Matrix

Row Printed

Write
Variance

and Label
Header

Write
Label
Record

Set Up Arrays
and Counters
to Print Labels

Editing
Ident. Only

hole
Matrix
Read In

Normalized
Matrix

Multiply Each
Element of Row
by Normalization
Factors
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Write
Right
Hand Side
Element

Starting
New Matrix

Current
Page Full

Will
Whole Row
Fit on Page

Set: NN to
Maximum Number
of Elements Which|
Will Fit

YES

Set: NN to
Number of
Elements in
Row

Write
NN

Elements

of Row,

Row Not Printed

Matrix Finished

Editing Un-Norm.

Standard
Diaviations
Done

Reset NN
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Write
Parameta
Set
Headers

Write Para
meter Set
Labels
and Data

Will
Matrix Fit
in Core

Read
Whole
Matrix,
30

Inversion
Required

Inversion

Required

Store VJ ai  in
Normalization
Vector

Form Normalization

Vector, Yo~

Move One Matrix
Row to Print

Area

Matrix
Finished

NO

Back-
space
Over

Matrix

Write

Standard
Deviation
Header

Form Standard
Deviations in Print

Area
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{ MINV )

Set Array
IP to Zero

DOII=1,N

|

¢

Find Largest
Diagonal Element]
not Already Used
as Pivot

Set:

AMAX = New
Pivot, IC = Pivot
Row Number

Set:
A(IC,IC) =1

Divide each
Element of Row
IC by AMAX

Divide Right
Hand Side
Element by
AMAX

DO LI=1, N

1.02
IC = LI

Save in T
Element of Col.
IC Being set to
Zero

Set:
A(LIIC) = 0.

‘ DO L=1,N

Calculate:
A (LI L) =
A (LI L) -
T * A (IC,L)

Calculate:
B (LI) =
B (LI) - B{IC)*T

1.05

RETURN
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INTRODUCTION

When required, the covariance matrix on the satellite state may be
obtained at any time using the covariance matrix at the beginning of

the arc and the integrated values of the perturbation equations. The
program accomplishing this is not in one sense a part of the LUNGFISH
program, since it is needed neither in performing the solution nor in
iterating to a new solution. It is used to provide the measure of the

uncertainty in the estimated state at any required time.
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LUNGFISH COVARIANCE MATRIX SYSTEM FLOW CHART

COVAR
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INPUT CARDS

1) Card type One, trajectory identification number

cc

2) Card
cc

ccC

cc

3) Card
ce
ce
cc
cc
cc
ce

1-5

Integer trajectory tape identification number

type Two, run time limits

1-24

25-48

49-72

Double precision start time for run, in seconds
from the beginning of the year

Double precision final time for run, in seconds
from the beginning of the year

Double precision gravity of the moon

type Three, state inverse matrix BEI(6,6)

1-24
25-48
49-72
1-24
25-48
49-72

Double Precision BEI(1,J)
Double Precision BEI(2,J)
Double Precision BEI(3,J)
Double Precision BEI(4,J)
Double Precision BEI(5,J)
Double Precision BEI(6,J)

J=1,6 Card type three consists of two cards. It takes a total of twelve
cards to hold the BEI matrix.

4) Card type Four, Debug print options
The following are logical options, with a "T" (True) indicating
debug printout desired, and an "F" (False) or a blank indicating no
printout desired.

ccC
cc

cc
ccC
cc
ccC
cc
cc
cc
ccC

5) Card
cc
ce

6) Card
ce

5
10

15
20
25
30
45

50
55

60

Print the input BEI matrix

Print the input Time; and an arc parameter label from
the trajectory tape

Print the G array from TJECT

Print the unrotated position and velocity arrays
Print the perturbations matrix

Print the ECDT matrix

Print the ORBPAR and ORBDOT arrays from state
Print the U~! matrix

Print the R matrix

Print the H matrix

type Five, Time Cards

1-5
6-30

Integer card type, any integer >0
Double precision time, in seconds from the start of the
year

type Six, End of Times card

1-5

Integer card type, any integer< 1

3.1



OPERATING INSTRUCTIONS

1) The system control cards required in the overall deck setup are:

$JOB
$SETUP 04
$SEXECUTE IBJOB
$IBJOB
COVAR decks, source or binary
SDATA

COVAR data deck

2) The tape setup is:

DCS Unit Tape Function
04 Input trajectory tape
16 Scratch tape, or disk file

3) Output consists only of printing.



PROGRAM RESTRICTIONS

1) The time period over which the covariance matrices are to be computed

may not span a year, i.e., year cross-over may not occur.

3.

3



ERROR MESSAGES

NUMBER
1

SUBROUTINE

TJECT

TREAD

EREAD

MAIN

MAIN

MAIN

MEANING
Illegal record type on the
trajectory tape

Trajectory tape data records
are out of sort, i.e., the
times are wrong

Illegal record type on ephermis
tape

Year cross over requested,
COVAR cannot process data with

year—-crossover

Ten of the requested times were
not on the trajectory tape

Ten of the U™l matrices generated
could not be inverted

3.4



PROGRAM DECK ARRANGEMENT

The decks for COVAR should be in approximately the following order

. UN18.
. UN30.
MAIN
ERROR
FRMR
INVT
MULT
OUTPUT
ROTV
TIMCRD
TRNSF
STATE
XTOORB
ORBTOX
INTPAR
*TJECT
TREAD
INTERP
EREAD

*The four following decks must be in this order.
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FILE BLOCK PROGRAM OPTIONS

1) Tape 18:
Filename is "UNIT18"
Mode is "BIN"
Unit assignment is "A(1)"

2) Tape 30
Filename is '"UNIT30"
Mode is "BIN"
Unit assignment is "B(3)"



TRAJECTORY AND PERTURBATION TAPE

RECORD TYPES

100 Trajectory tape header
110 Parameter and label record
120 Ephemeris header
130 Ephemeris records
140 Trajectory and perturbation records
150 Trajectory end of file record
FORMAT
RECORD # 0f
TYPE WORDS MN FORMAT CONTENT
100 1 ITYPET INTEGER  Record type
1 IDENIT INTEGER Identification number for arc
1 ISATNO INTEGER Satellite number
1 NUMGA INTEGER Number of partials calculated
by INTEGRATION
1 NUMGRV INTEGER Number of gravity partials cal-
culated by INTEGRATION
1 ISYR INTEGER Start year of ARC
2 ARCSEC DOUBLE Start time of arc (seconds from
beginning of year)
2 ARCEND DOUBLE Time of last record (seconds from
beginning of current year)
2 DURA DOUBLE Duration of arc
2 DELTAT DOUBLE Interval of storage

3.17/3.7/3.20




1----------

RECORD # of
TYPE WORDS MN FORMAT CONTENT
110 1 ITYPET INTEGER Record type
NUMGAx2 PARAMS DOUBLE Initial parameter values
for variables in inte-
gration
NUMGA LABELS INTEGER Labels for parameters used
in integration
120 1 ITYPET INTEGER Record type
1 IDAY1 INTEGER First day on tape (days
from year start)
1 IDAYS INTEGER Number of days of data equal
number of Ephemeris records
2 YRSECS DOUBLE Number of seconds in start
year
2 H1 DOUBLE H for start year
2 H2 DOUBLE H for second year
130 1 ITYPET INTEGER Record type
2 TZERO DOUBLE Base time for interpolation
3x9x2 PXE DOUBLE INTERPOLATION Polynominal
coefficients for earth-
moon vector PXE(I,J)=I,3
J=1,9
3x5x%2 PCDTR DOUBLE Interpolation polynominal
coefficients for Ah
PBTR(I)I=1,5
3x3x5x2 PECDTR DOUBLE PECDTR (I,II1,J) I=1,3

II=1,3 J=1,5
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RECORD # of
TYPE WORDS MN FORMAT CONTENT
140 1 ITYPET INTEGER Record type
2 TIMET DOUBLE Time of (position, acceleration
and perturbations) seconds
from beginning of year
3x2 XSAT DOUBLE Position of satellite at TIMET
(KM)
3x2 ASAT DOUBLE Acceleration of satellite at
TIMET (KM)
3xNUMGAx2 P DOUBLE Array of perturbations
150 1 ITYPET INTEGER Record type
2 TIMET DOUBLE Time of last trajectory and
perturbation set
3x2 XSAT DOUBLE Last position
3x2 ASAT DOUBLE Last acceleration
3xNUMGAx2 P DOUBLE Last array of perturbations

3.19/3.9/3.22




HEAD COMMON DEFINITIONS

MNEMONIC

ARCSEC

ARCEND

DELTAT

YRSECS

TIME4

TIMET

DURA

ISPAN

IDENTT

ISATNO

NUMGA

ISYR

IDAY

IDAYS

ILR

LABEL

# of
WORDS
1x2

1x2

1x2
1x2

1x2

8x2

(8x3x77)x2

1x2

1x2

FORMAT

DOUBLE

DOUBLE

DOUBLE

DOUBLE

DOUBLE

DOUBLE

DOUBLE

DOUBLE

DOUBLE

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

CONTENTS
Start time of arc, in seconds

Time of last record on trajectory
tape

Interval of storage
Number of seconds in start year

Time of the fourth time step, in
seconds

Table of eight time steps cor-
responding to trajectory data

Eight consecutive trajectory and
perturbation arrays

Duration of arc

Variable input parameter for inter-
polation routine

Switch to indicate year crossover
Identification number for arc
Satellite number

Number of gravity partials

Start year of arc

First day on trajectory tape
Number of days of ephemeris data

Switch indicating whether or not
a time was accepted

Parameter label for last arc para-
meter
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MEPHM COMMON DEFINITION

# of

MNEMONIC WORDS
PECDTR (3x3x5)x2

T 1x2

FORMAT
DOUBLE

DOUBLE

CONTENTS
Polynomial coefficients for
(ECD) T matrix

Time associated with PECDTR

3.11



MNEMONIC DEFINITIONS

MNEMONIC

SRTIME

FNTIM

GMU

BEI

TIME

XOLD

XDOTO

XNEW

XDOTN

PRTBR

ECDT

ORBEE

ORBPAR

ORBDOT

TEM

cov

# of
WORDS
1x2
1x2
1x2

(6x6)x2

1x2

(3x16)x2

3x2
3x2
3x2
3x2
(6x6)x2
(3x3)x2
6x2
18x2
18x2
(6x6)x2
(6x6)x2
(6x6)x2
(6x6)x2

(6x6)x2

FORMAT

DOUBLE

DOUBLE

DOUBLE

DOUBLE

DOUBLE

DOUBLE

DOUBLE

DOUBLE

DOUBLE

DOUBLE

DOUBLE

DOUBLE

DOUBLE

DOUBLE

DOUBLE

DOUBLE

DOUBLE

DOUBLE

DOUBLE

DOUBLE

CONTENTS
Start time for run, in seconds

Final time of run, in seconds
Moon gravity

Inverse of state portion of
B matrix

Current time

Array of position, velocity and
perturbations from TJECT

Unrotated satellite position
Unrotated satellite velocity
Rotated satellite position
Rotated satellite velocity
Perturbations matrix

Rotation matrix, EcDT

Orbital elements

Partials of satellite position
Partials of satellite velocity
Matrix of partials, U

Rotated perturbation matrix
Work area

Work area

Covariance matrix
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SECTION IV
SUBROUTINE WRITE-UPS



NAME

PURPOSE

CALLS

INPUT

MAIN

Overall control program for the covariance matrix calculation.

MAIN reads the input, sets up various arrays and switches,

and calls the routines to generate the covariance matrix and other

output.

ERROR

FRMR

INVT

MULT

OUTPUT

ROTV

STATE

TIMCRD

TJECT

TRNSF

TIME

BEI

Error exit from COVAR

Multiplies a block diagonal matrix of ECD! times
a six by six matrix of perturbation partials.
Inverts a matrix

Multiplies two matrices

Prints the output matrix and vectors

Rotates the vectors X and X to selenographic frame
of time

Calculates orbital elements or initial conditions,
and the matrix of partials, u-l

Determines current time to be processed

Reads trajectory tape, interpolates for position
and velocity vectors and perturbations matrix

Evaluates ECDT polynomial for ECDT matrix

Array of times at which the covariance matrix and
position vectors are to be calculated
Inverse of the state portion of a B matrix, produced

by SOLVE

.1



OUTPUT

TAPES

ERROR
CHECKS

For each input time, the corresponding covariance matrix in

selenographic frame of time,and the orbital elements are

printed

USED 18 Trajectory tape

30  Scratch ephemeris tape

Error number five occurs if the start time is larger than the
finish time, that is, if a run was requested with year crossover.
Error number six occurs if more than ten of the requested times
are not on the trajectory tape.

Error number seven occurs if more than ten of the U~l matrices

formed could not be inverted
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NAME

PURPOSE

CALLED BY

INPUT

OuTPUT

NOTES

EREAD (TIME, IENT)

Read ephemeris data that corresponds to time of

observation.
MAIN Overall control program for NORMEQ
TIME Time of observation
IENT = True, initial entry to subroutine
IENT = False, subsequent entries to subroutine.
TZERO Time of ephemeris data
PXE Interpolation polynomial coefficients

for earth-moon vector, PXE (3,9)
PCDTR Interpolation polynomial coefficients

for rotation matrix (CD)T, PCDTR (3, 3, 5)
PBTR Interpolation polynomial coefficients

for AhPBTR(  5)

EREAD reads the ephemeris data from tape 30.

output goes into the INDATA common area.

All
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NAME ERROR(N)

PURPOSE Error exit from COVAR

CALLED BY MAIN Overall control program
EREAD Reads the ephermis tape
TJECT Control program for trajectory tape read and
interpolation
TREAD Reads the trajectory tape
INPUT N Error number
OUTPUT This subroutine prints the following message and then halts the run

ERROR NUMBER N
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NAME

PURPOSE

CALLED BY

INPUT

OUTPUT

NOTES

FRMR (ECDT, PRIBR, R)

Multiply the block diagonal matrix containing ECDT times

the matrix of perturbations, PRTBR

MAIN Overall control program

ECDT Rotation matrix ECDT, order 3x3
PRTBR Matrix of perturbations, order 6x6
R Product matrix, order 6x6

The matrix R is actually formed by multiplying ECDT times

each quarter of the matrix PRTBR, to form the corresponding quarter

of R
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NAME

PURPOSE

CALLED BY

INPUT

OUTPUT

INTERP (F1, ICOMP, IINTER, DTIME, Gl, S)

Form position, acceleration, velocity and third

derivative of trajectories and perturbations.

MAIN, overall control program for NORMEQ

Fl Input table of trajectories and perturbations

F1(8, 3, 77)

ICoMP Number of components
IINTER Number of functions
DTIME Interval of storage
th ;: : 1 of
g (Topg = 4 time step)/ interval of storage
Gl Output table of interpolated trajectories and

perturbations G1(3,2,77)
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NAME

PURPOSE

CALLED BY

INPUT

OUTPUT

NOTES

INTPAR

Calculates partials of initial conditions with respect to

orbital elements or initial conditions.

STATE control program for conversions

XER initial position of satellite

XDOTZ initial velocity of satellite

PZ values from ORBTOX

ERB orbital elements

GMU moon gravity constant

ORBUSE logical flag; compute partials of initial conditions

with respect to orbital elements if true; partials
of initial conditions with respect to initial

conditions otherwise.

ORBPAZ partials of satellite position with respect
to orbital elements.
ORBDOZ partials of satellite velocity with respect

to orbital elements.

If ORBUSE is false a sample "unit" vertix is generated.
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NAME

PURPOSE

METHOD

CALLED BY

INPUT

OUTPUT

INVT (A, ISW)

Invert matrix A, leaving the inverse matrix in area A

This is a Gauss-Jordan elimination procedure with a full

pivot search

MAIN Overall control program

A The six by six matrix to be inverted

A The inverse matrix

ISwW A logical switch which is TRUE if the matrix

inverted successfully, and FALSE if it did not.
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NAME

PURPOSE

CALLED BY

INPUT

OUTPUT

MULT (AMAT, BMAT, CMAT)

This routine multiplies the matrices AMAT and BMAT to

produce CMAT

MAIN Overall control program
AMAT A matrix of order six
BMAT A matrix of order six
CMAT A matrix of order six
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NAME

PURPOSE

CALLED BY

INPUT

OUTPUT

ERROR CHECKS

NOTES

ORBTOX

Transforms orbital elements to initial conditions and

computes values for use in INTPAR.

STATE control program for conversions.

ERB orbital elements

GMU moon gravity constant

ORBIN true implies orbital element input; false,

initial conditions.

XFR initial coordinates of satellite
XDOTZ initial wvelocities of satellite
PZ array of values for INTPAR

If iteration for PHI fails to converge, the message

NON CONVERGENCE FOR PHI is printed and the run is

stopped.

1. 1If initial conditions need not be calculated only the

first sections of the program are executed, those necessary

to provide the input data for INTPAR.

2. Several sets of equivalances are necessary because of

previous definitions in the routine.
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NAME

PURPOSE

CALLED BY

INPUT

OUTPUT

OUTPUT (XNEW, XDOTN, COV, TIME, ORBEE)

Prints the output data for each time requested

MAIN Overall control program

XNEW Position of satellite in selenographic frame of time
XDOTN Velocity of satellite in selenographic frame of time
cov Covariance matrix

TIME Current time

ORBEE Orbital elements

All input items are printed
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NAME

PURPOSE

CALLED BY

INPUT

OUTPUT

ROTV (ECDT, XOLD, XDOTO, XNEW, XDOTN)

Rotates position and velocity of satellite to selenographic

frame of time

MAIN Overall control program
ECDT Rotation matrix, ECDT
XOLD Position of satellite

XDOTO Velocity of satellite

XNEW Rotated position of satellite

XDOTN Rotated velocity of satellite

4.12



NAME

PURPOSE

CALLED BY

CALLS

INPUT

STATE

Control program for conversion of initial conditions to

orbital elements and vice versa and for calculation of

starting array of arc partials.

INPUT

ORBTOX

XTOORB

INTPAR

ORBIN

ORBUSE

Input program for integration

Computes initial conditions from orbital
elements and prepares values for INTPAR
Computes orbital elements from initial

conditions.

Calculates partials of initial conditions with

respect to orbital elements or initial conditions.

True implies orbital elements input; false,
initial conditionms.
True implies orbital elements output; false,

initial conditions.
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NAME

PURPOSE

CALLED BY

OPTIONS

INPUT

OUTPUT

NOTE

TIMCRD (IEN, SRTIM, FNTIM, TIME)

This subroutine reads the times from cards and returns them

to the main routine one at a time, after checking to be sure

they are within the time period for this run.

MAIN

IEN

SRTIM

FNTIM

TIME

Overall control routine

A logical switch, TRUE for the first call to

TIMCRD, and FALSE for the rest of the run

Start time for this run

Final time for this run

Current time

Any input time outside of the time period for this run is

ignored
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NAME

PURPOSE

CALLED BY

CALLS

INPUT

OUTPUT

ERROR
CHECK

TJECT (IEN, IS3, G, TIME, LAB)

Position ephemeris tape; read and interpolate trajectory and

arcs at time of observation

MAIN

TREAD

EREAD

INTERP

ERROR

IEN

IS3

TIME

LAB

Overall control program

Read trajectory tape
Position ephemeris tape
Interpolate trajectory and arcs at time of observation

Input tapes have wrong record types

=True, initial entry. False, otherwise (set to
false by TJECT)
=TRUE, observation time accepted.
=FALSE, observation time not within range of trajectory

arc

TIME of observation

Table of interpolated trajectory and arcs

Label of one of the arcs on the trajectory tape.

Error number 1 indicated an illegal record type on the trajectory

tape.
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NAME TREAD (TIME, TIMEA, DELTAA, ISPAN, IENT,S, F2,ILR, N).
PURPOSE Reads in appropriate trajectory and perturbation arrays.
CALLED BY MAIN - Overall control program for NORMEQ.
INPUT TIME Time of observation.
TIMEA 4th time step (on trajectory tape) from pre-
vious tape read; or, if initial positioning of tape,
TIMEA will be equal to the initial time on the
trajectory tape - 5% the time step interval
(DELTAA).
DELTAA Time step interval.
ISPAN = 2, when run spans years.
= 1, otherwise.
IENT = True, Initial entry to TREAD.
= False, all subsequent entries.
N Total nr. of trajectory and perturbation
functions.
ouTPUT S Variable for 8 point Legrangian.
2 Storage table F2 (I,J,K)I=1,8,
J=1,3 K=1,N.
ILR Set to 3-normal return.
Set to 2-observation time occurs after final
trajectory time.
Set to 1-observation time occurs before initial
trajectory time.
NOTES TREAD uses tape 18.
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NAME

PURPOSE

CALLED BY

INPUT

OUTPUT

TRNSF (TIME, ROTATE)
Evaluate the ECDT polynomial to produce the matrix ROTATE
MAIN Overall control program

TIME Current time

PECDTR A (3x3x5) array of polynomial coefficients for the

ECDT matrix

TMID The time associated with PECDTR

ROTATE The rotation matrix ECDL, of order three
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NAME

PURPOSE

CALLED BY

INPUT

OUTPUT

ERROR
CHECK

XTOORB

Calculates orbital elements from initial conditions.

STATE Control program for conversion.
XER Initial satellite coordinate.
XDOTZ Initial satellite velocity.

GMU Gravity constant of moon (GRAVMN)
ERB Computed orbital elements

If AI is greater than 7, the message AI GREATER THAN PI

is printed, and the run continues.

4,27 /4,18
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LUNGFISH COVARTANCE MATRIX GENERATION FLOW CHARTS

III.I.'.....'.'
|o|n T D 14
- SRR RS .
- - 80 0..)0 FIND NEXT =
- INPUT TIME »
45883 ERSSRRRERN '..' I -
- L2121 atrne
. v
v . -
SRSV NVLLBVBRGIDNS - - 2290 38REANNES
- -
- READ CARD L - *YES - -
JYPE ONE . ALL TIMES #eeeccssscncasccassas) REWIND TAPES
. madisuﬁs - »  PROCESSED _ o ® I8 AND 30 e
L2 22222222222 22) - - S245022%0R0GRES
- * - -
. * NO .
v v :
ARUBEIERBARINNN v
READ CARD «TJECT 15 A0+ CYTTYYT T YEYY T
. TYPE_TWO, - RRBEINRNNINNRES - .
START, END # READ TRAJ, @« - EXIY L4
«  TIMES AND . - TAPE . » MAIN .
GRAV. MOON - -
L2212 22 2222 22 ] L2 2212222222221
. -
v v .
- - - - - L]
- - - - - »
- - ...l - - *8e -
- IS YEAR *YES - *NO - - - *NO
- CROSS-OVER .li C4 - . DEBUG PRINY 2 ®ecescscaccee * C3a)e DEBUG PRINT 4 ®evsesssnsncan
- REQUESTED - . 2= - REQUESTED » -« * - - REQUESTED - -
- - “new - Ll - -as -
- - - - - - - .
- - - - - - - -
* KO * YES - ® YES .
v v . v .
ARV EIRABBEERNN . (X222 2222212222222 03 -
READ CARD . .
TYPE - L] PRINT TIME - . - RINT . .
THREE,BEIL AND PARAMETER . POSITION, -
® MATRIX FROM - LABEL - - - VELOCITY - -
OL V! . RRAYS -
ANBIRIRTARAEEN E2 22122 2 122 ] - L2222 2 2222122222 -
. B B
. v .
v L - v
* - ARNEBLLNBEBNESEY
» -
. - *NO - EXTRACT [
REWIND TAPES - DEBUG PRINT 3 %eeecssenccne * PERTURBATION®
18 AND 30 L4 . REQUESTED - . * MATRIX FROM =
. - . - ARRAY G .
R2 2222222222222 2 * - . SE3TRRISEIBARRNE
- - - - -
. * YES . -
. - : v
v v - . -
- - - -
. -
- READ CARD . . - . L aNO
TYPE FOUR, PRINT G ARRAY - - DEBUG PRINT 5 Beseerccccnns
- DESSG PRIN - - - - - REQUESTED * -
TI . - - -
ABEBERICIEERREN (222222222222 2] - - - -
- - - - .
- - - ® YES .
. elesecosesesnccascaccns . .
v v M .
. - . » v -
- - . - -
» . - TIME - -
- *NQ L] REQUESTED #NO = - . PRINT - .
- DEBUG PRINT 1 ®eceorcccvece - FOUND_ON s)s CO & PERTURBATION -
- REQUESTED . . - TRAJECTORY # . 2e - "MATRIX - .
» . . . TAPE - sanw .
- - - Ll - NSRBI RRENRARNES -
- - - - - - -
* YES . * YES . .
M . . . 2
. . - elecsceccccccccscsccans
. . . .
v . v v
SEZVRNNRABR - *seane o -
. EXTRACT . eon *TR 8 ax-
. e POSITION . - . snnsnacesnnne
PRINT BEI . ® VELOCITY ®...)» C3e OGENER TE ECOTO
. MATRIX - . & VECTORS FROM# . . RIX
. ®  ARRAY “un
sEnNRBGLRGRRINS . CETTTL T TRTTY T ouooco.oooooooo
: : .
D P :
. v
v - -
...l..’.......l - -
... - - (X223
: SET_INITI . aNO -
+ SWITCHES ANDO...)O BO' - DEBUG P 6 sle Al @
- COUNTERS - REQUE - .
..Q - - ssas
l........."l.. -
- LX)

- -
vescescasce)® AD @
- 24




LUNGFISH COVARIANCE MATRIX GENERATION FLOW CHARTS

SRS EBNESRNIRERNGRRIRES
e

. L)
* AQ »,) PRINT ECDT
. » - MATRIX

sasse
BBENABIESRTIORNE
v
#2206 RNREEIRS
tsas *ROTY 12 Bls

- - sasscnannsrennan
* Al 5., ). ROTATE *
- - VECYORS .

-

.
sSsssasananssens

PR

RERRRERNSNSRRY
3

#COMPUTE STATE#
- ELEMENTS »

-
LTI TR YT Y 2

<tseeae

- .
» »
» -

-
- DEBUG PRINY 9
3 REQUESTED -

-

=NOQ

#eseessscncan

3 -

. »
YES

<ress e m

BRBEBEBRTIERIRIRGRBRS

®  PRINTY PAEY]AL -

R N N R N R N RN

slcsccncacncccnccasaaa

* Esazaene
EXTRACT THE
U=INVERSE #=
MATRIX FROM #
ORBPAR AND #»
ORBDOT -

-

LA AL ENE]
»

v

- »

»

-
= DEBUG PRINT
* 10 REQUESTED +
- .
-
S

-
+ND

®eesecccccnaen

»
- -

YE

PR

ssssssessadasnsnn

- PRINT
U-INVERSE
MATRIX

*aencecssRnsens

R N N I U I R AR AT ST ST AP

lecccacensescensannan

Crrr e

sessanannanonns
#INVTY 8 AQw

SRRADNGEBEVIRRS

#FORM U MATRIXe
- -

- -
ABGERGRBEsR AR
v
»* -
- -
- ane
- INVERSION NO &
. COMPLETED *)# COs»
. CORRECTLY * -
- - sne
- -
- - -te
* YES » b

ceesssesecsl)® BOw
- -

san

HESERNICBERARNSES
ove *FRMR 5 Bls
L] - fesBtreINRNISE
# BO0®...)}®FORM MATRIX R»
- - -

e -
LEZITTITY YT YT TS

<es e e

*
3 -
-
-

» DE!
*« 11
-

.

8UG PRINT
REQUESTEP -

+ .
YES

-
-
.

srEnsecsIeREsRRRRNE LY
*
PRINT MATRIX
R -

tanassransannse

L N A A A A A A A A A A STy

eseansssececncnnss

RBEARNRERBRONRS
SMULT 9 Ble
LI LTI Y S -
#U TIMES R = H»
- -

- »
XTI ST T Y Y
v
- -

. -

-
. DEBUG PRINT
® 12 REQUESTED #
.
.

-
*NO

®esecsccsene

-
*

-
YES

<essose

SERBRBERITARNRNGREIS

»
PRINT MATRIX
H L]

ssnssessussanae

v

SessssERERIRRE.
1

{ecceevasccscessocncs

-
#H TEMES BEI
» TEM

-
Ssssssssnese
-

<t teae s

LI TITTT YT Y 9y
3 3
- FORM -
* H-TRANSPOSE #
« IN ARRAY R =

.
esasscsnanss

B<o e ss s
*

sen
le
BaREsRNRRRARERE
sTEM TIMES R =»
» cov

- -
(ZLALI TR YT Y Y
.

LYY

saesssvEanenREn - 3
#PRINT RESULTS®#...)® BO &
- - . je

- sans
LZI2ITYY YT Yy ¥y

fEREBSLVNIBERIBOTRRES

saen
- . w
* €O »,) PRINT ERROR
. . - MESSAGE
ssas

sessesssasenens

<teosaenn

. -
- -
&  HAS THIS #

. ROR N
L HAPPENED MORE

. HAN ;EN
- TIME .
- -
- -
YES

<tve e e n

3333 TYYNY Y
*ERRDR »
sEsssRNNEREEERY

* ERRDR EXIT =
» -

- .
seseaspensanne
-

PR

rERBREIROIBRNEERS

EXIT
HALT RUN

LRI Y Y YY)

ssRERssssassane
snnw #ERROR 4 B3e
SESEBERRNRNRONES

* -
® C4 #..)® ERRDR EXIT »
. - - =

taen

.
:
:
.
v

*aBesssssnennes

- EXIT
* HALT RUN
ssssscssansnses

Y223
R .
#)e BO »

. le

Yann



LUNGFISH COVARTANCE MATRIX GENERATION FLOW CHARTS

-
EREAD .
» -
enen ssesessssensaee son hd o
. . » - . - - YRSEC LESS ®YES
* AOQ s)s ENTER . * BOs)e THAN OBS TIME Pevenccccacce
- . s EREAD . - - » LESS THAN .
ssee snsssssRsncRene san » TIMEB - -
. - - .
- L - -
- * NO -
- - .
v v .
- . L - -
- - - - .
- . Ty 3 . .
- SYES® . * 0BS TIME LESS eYES -
» INITIAL ENTRY *)= Bbe * THAN TIMEB ®eseccccane)e
- TO EREAD - - * - LESS THAN . -
sne - YRSEC . .
- - . - -
- - - - -
= NO * NO .
v - .
onoa-c.;q.aoooo v -
“ne - e (XY ITT YA L LYY T -
- b * SE TIMEB TOO - » . . .
. A28,.,,)» EPHEH TIME » + B2e,)» EXIT - -
A - * PLUS 1/2DAY » - L . .
23] - - EZ 2] LA 22222 22 22221 3 -
A2 2222222222213 -
v v
...I.l".'.'...
- ane
» SET TIFEN TOO . . @ BACKSPACE 2 -
# EPH TIME * Bin,.} EPHEMERIS cecesccsconcoca
- HINUS l/ZDAY' » - - RECORDS 30 = .
- L2 12 -
...'..I.I..'... HEBBRENTNGBBNES -
v -
- - -
- - (A2 A 24 22 T2 2 222 2T YY) -
. - .Q. .
- 08S_TIME *YES -
. GREATER THAN Bececscccnsan l Bkl..) READ EPHEM .
- TIMEB - - " HEADER - .
. - . #es -
- . - sessenRERRNRRE .
. - - - .
* NO . - -
v - - .
- - - v -
- - - ..'......‘..l.. -
- . Yy} - - .
. NO & . * SET YRSEC T -
- 0BS TIME LESS *)e B2e - !NR 0F SECD DSl -
- THAN TIMEN - - IN 0 .
- - *en - .
- - . n.-.oo....ccoo. .
- - - - -
* YES - - .
eleccocssaccsacnccanana elec aesnssesecncccccnne
v -
- - Y
- - SENERBANRNERSRERARBENS
- - '.. ane
- YRSEC _LESS #YES - . = -
- THAN TIMEB Pecscecccnceaat 860..) READ EPHEM e )® A2s
* LESS THAN 0BS + - DATA L] - -
» TIME - oou see
- - SERGISRBNANGBES
- -
= NO
v
- 4
- -
- -
# OBS TIME LESS eYES# -
- THAN YRSEC *)e Bow
- LESS THAN .
- TiMeER - wen
- .
- -
* NO
.
v
. -
- -
- - aee
- TIMEB LESS *YES+
. THAN 08BS TIME #)e Bbe
- LESS THAN - -
- YRSEC L] e
- -
- -
* NO
v
- -
- -
- - ..
» TIMEB LESS SYES»
- THAN YRSEC 0)0 B3D
* LESS JHAN 08S »
- TIME - ...
- -
- - ...
= NO -

...........)- ao-

cvq




LUNGFISH COVARIANCE MATRIX GENERATION FLOW CHARTS

ERROR
sane sassssensnnevesn

- . -
* B3 ®)a ENTER -
- . » RR »

snse SRBNGBRANEERONG

<osesrsnes

PRINT ERROR
RESSAGE

2SS RNSRRERANGRS

<sses ey

SecscssssesERES
- -

- .
- HALY RUN =
- »
- .
-

v

#SVSUNTCITORTTRY
.
EXIT .

sSsBesssseanvTee

LR




LUNGFISH COVARIANCE MATRIX GENERATION FLOW CHARTS

FRMR

"ons

- - -
* Bl #)=
- . -

nne

FMAT

roun

snBesrszIRERESS
ENTER
cssEsrsrnsnINIS

v
SEsssEnsaeansee
. »
« SET OUTPUY =
# ARRAY R TO »
- LZERDS .
- -
seessensnnasens

.

v
sesnsssssnannse
- »
® SET INITIAL +»
*  VALUES OF =
» INDICES *
- -
ssscasssssannen

v
Sssnssnranassan
» .

- -
* DO TO FMAT «
® FOUR TIMES =
- -
sssassssasseanns

v
ssssssssassnene
# SET INDICES +
# YO PROCESS +

PER .
* QUARTER OF »
- MATRICES #
ssssssssansReae

v

ssensssnansecss
» .
. PERFORM .
» ACTUAL MULT =
«0F ECDY TIMES»
- PRTBR -
senmsRTRISSRCR

<Leet e

Ssespsnsansnsen
.

CONTINVE

LR R R ]

sanne

v
esnsanrsnONNe

EXIT
FRMR
asnnsessassssee

LR N}

ens




seen

- -
® AD #)
- -

suaa

INTERP

INT

ssssnnesssesnen

ENTER
INTERP

LT Y Y

PR

SRNBsErERERNS

-

.

- -
®«  COMPUTE
. PIM,K)
- -
- -

asanBRBIRNERY

COQ..'.!.....O.
L]

- EVALUATE »
# (S+M) TO THEe
& EIGHTH ORDERe
# {M EQUALS 8)»
LA AZ 2 2222222 )

v

REBBBRBERNEBBREN

- -
#COMPUTE TABLE«
*0F P({MyK}/S—K=
# (K .NE. Oyl)e
-

.QII.I.Q.Q'II.:

<rre e

ssasssaBIEBRER.
- -
- COMPUTE -
#P{MyK) K .NE.®
- 0,1 -

- »
SasssnsssRRNREY

<teos e

aessssssansenas
- -
COMPUTE -
P{M,0) AND #

PiM,1) -

-
#RSSRREBSEBEERS

LEX R

<rvees e

SERIRTENALONNES
- -
- »
#00 INT IINTERe
- TIMES .

- -
snae ssanann

.
.
.
v

BReNNBASRNSRNSE
- -

» -
SEVALUATE F(T)e
- -

- -
sEBnEBRBBIRINRS
.

< sanene

sensssrsenEnEny
- .
- -
*EVALUATE FDOTe
- (r) .

- .
RBsessRRRRLENS

Creeerene

Sassesasnsnsnan
» -

-
-
-
-
-

-
Ssensnsensunas

san

- -
CONTINUE #...)* BO
- -

LYY

-
-
3

LUNGFISH COVARIANCE MATRIX GENERATION FLOW CHARTS

*ee
- -
* BO#.}#
- -
"“ne

aessascnsussnan

senpsnanonnnens




INTPAR

“ane

. -

* AD #)
. »

LI YA

.
.
-

LR ]

asssesrssuennas

.
ENTER .
INTPAR -
SsResasBRRtRRGn

FRESRERSBARB AN
-

* COMPUTE 1ST «
DERIVATIVES =
gF INITIA

CONDITIONS =

EETTR T TR Y 2 S

*

t
-

-
-
s
-

PR

LA 2 2222223
- -
= COMPU
s DERIY,
= OF 1
* COND
2222222

EXIT
INTPAR

BARRERRIBBRENNS

LUNGFISH COVARIANCE MATRIX GENERATION FLOW CHARTS



INVT
"sen
- -
s AQ e)s
- - -

ssne

seansssssencres
ENTER
INVT

Ssesnsncrannnss

Ce oo s e

sssssnaRssanann
.

.
MAJO, »

Ancssussscnsnne

PR

‘!C...’...'.'..
-

+ 0O _TO INLOP
$9 GOES FROM {

§¢Qo|oo¢¢0naooo
.

PIEEEEX)

PIERERERNY

oERSNIBEINNIRRS
# SET AMAX T0

= “ZERD, AMAX e
» WILL CONTAIN®
* THE PIVOT
- -

LRI T TR TTE T Y 2

IR

-an.n...c....c

-
= DO TO INLOP.'
IK GOES Fzﬂ 1s

-

l -
AERERRRINSHIE

<vret e w

XTI TR LYY Y T
» »
* SET AMAX TO =
*  AlJ,K) ANO -
' SAVE J AND 0

QQQQQQQOQQ.Q.QQ
.

.
-

-
.

.
sesassvensunes

LUNGFISH COVARTANCE MATRIX GENERATION FLOW CHARTS

LN ]

-
®YES

*YES

*YES

ceccsensesl)

A A A N N N N R N I A I S T R R R R R T T

- -
eee)® BOw
- -

REDUC

sasessscesenses
.

- SAVE ROW
« NUMBERS FOR
# BOOKKEEPING

[]
LTS ZITY Y YT Y Y Y'Y

sesne

<ot s ea e

arsanseannanane
- -
» SET PIVOT «
- ELEMENT -
* POSITION TO «
- a L]

-

aNBscesENO RN

<o tss e

[XITTTTY YRy Y T

-
« DIVIDE PIVOT®
* ROW 8Y PIVOTe
- ELEMENT .
. [
-

sHERBEARGBERNE
.

e o v st

AA22 122222221123
:

* DO 10 REDUC,»
e LI GOES FROAe
* 1106 s
-
»

-
samnsssnanansse
.

.
»
O =i»n LN BN )
X -
ome *
—-
. € .
Qx
*=-m

z»
[=]

-
.
v

0-0000000'009-0

.
® SAVE LI-TH 0
- NT OF

»
* SET A(Ll'K) e
M T0 ZERO

aRasasscnnsEREN

<esvesas

SEnnseennsasRRy
® FORM PARTIAL®
- INVERSE .
® ELEMENT IN o
- ELEMENT .

. AlLI,K) b
cesesinrenennae

Cee v a0t g

EXIITIITY T TYY
.

CONT INUE

tsesve

3
snsasasasensnee

3
*NO

QQQQUQGQQQQQOQO

(3
' lNTERCHANGE -

0.........---.........ll RU’S 10 .

SYES

.

emccsssscecncrcccce

MAJD
s

. . -
®eeo)® Cle
- . .

ass

€400 0 0000000 00000600000000000 000NN EIIIINENEREOEPOLOEORAS

®esssccsccscscscancssnsesvescanssoes

MAJO

- » -
* Clo,..)»
- - »

0 -
l DIAGONAL &
oooa-o.oo.-..no

Surenssssunnses
.

CONTINUE

sesEes

*
aenesnaseRy

PP OO B S8

sescsnnnassnnny
EXIT

INVT
ssREsseNRRRORAS

ces



LUNGFISH COVARIANCE MATRIX GENERATION FLOW CHARTS

MULT
[Z11]

. .
. Bl =)
. * o

venn

MULLA

MULL

EXTITITIYZ Y VT 1Y
ENTER

esavnsssananenas

<ssese s

[T TTTTYY T T Y
. »
SET DUTPUT e
AREA CMAT TO»

ZEROS :
sessnssnnsanene

sense

<t sesenre

LI TITTTYR Y Y T
3 -

» -
® DO TO_MULL »
=  FOUR TIMES :
.

ctusENsIsRRRANDS

<o eeeaee

SERGREATRABRNONG
- -
- -
® DO TO MULLA
® 'FOUR TIMES e
L 2 -

-

ecncascnsennan

<eseaares

sesEasesceenvns

.

#CALCULATE ONEs

#  ELEMENT OF »
CMAT

- -
LXITIYTTE YT Y TS

<rrsesse

SesRResESEBRREN
[

CONTINUE

Mot e e

v

ssesnsessnanuna
EXIT
LITTTTTEY Y VY Trey

see




LUNGFISH COVARIANCE MATRIX GENERATION FLOW CHARTS

ORBTOX
"esEnsNee
asas sasesess *es -
- - - - - - -
* AQ =) ENTER * + ROe,..)e
. LI ORBTOX - . . »
sens sEssssERERNEan (123 L
- sSEaNNsEntenNERe
v v
ssszrsarsesnnne I I TRYYR YL YY)
» - el -
: : o
PH » .
o SETRTTOS +  XOOVZ(3)
L4 - - -
LA A eI 2222222223 #EBBNRENETRENNEY
v .
ArNscansRONRNNS v
- » sssessrvssnnnen
- - - -
SCOMPUTE SIN ,» - EXIT -
« COS OF PHI » * ORBVOX -
[T TR T T TR YT YY

- -
*RSsEssesBEERS
.

<oeer s

ORGAO
FRNERABVBERGGGES

"ee - -
* s &  COMPUTE
* A3s...)» DELPHI USINGs
e & "'a TAEC, AES, »
. « AMO, PRI
SHESRNGABBRIBNIES

< e v sane

- -
- .

3 »
* CHANGE IN _PHI =NC
- GREATER THAN Peescccscnan
XD-15 -

- »
YES

<rrs e w

- *

- - ORGAO

- - san

# IMPROVED PHI eNO = -

- MORE THAN 19 #)s Ale
- TIMES - - -
aen

-
YES

<rerve w

SNBSS NEARNREIINGEERG S

*  PRINT ERROR =
MESSAGE, NO
* CONVERGENCE =
FOR BHI
Aa 222222 X2 222223

PR

"o RESBRRSBSDEARE
- - -
s ATs,)n EXIT -
- - . -

ssw PHsenassERsRORS

S0 598 0 4002000000800 00 0080000 IIIEIIONOIEIES

escscseves.vovenccssons

-ov;..o!co--coc
. *
=COMPUTE ECOSE:

d ] v
o ESINE,ESQ,
*INTER. VALUESe

sRRBNesEIRRIRDS
.
.
-
.
v
. -
- -
- - LX)
- 4NO » -
- ORBIN #)e AT»
- - - -
- - 28w
- -
- - wen
* YES -
-

seccesmcces)® BO
- »
ans




LUNGFISH COVAREANCE MATRIX GbiiSRATION FLOW CHARTS

auTePuUT
"“nen aes
- - - -
* Bl =)» ENTER 3
. * QUTPUT -
» RERSEBENEINSRARY

<t esees e

PRINT TIME OF
#  CALCULATIONS =

“EsosRRRREBRNRS
.

<tesavaes

ABIRRESIRIB GRSV RN RN
. PRINT -
POSI
- VECTOR 3
snessssnane

<re e e

srRnseasRInERsOREEY
- PRINT -

VELOCITY
- VECTOR -

ansas ssnane

<P v e e

PRINT
COVARIANCE
MATRIX

a2sssressennsnan

IR

.
PRINT ORBITAL
- ELEMENTS .

v
[RTYTIY TR YL Y
EXIT

UTPUT
RNGIERNGRBGRENS

LR}

-
-




LUNGFISH COVARIANCE MATRIX GENERATION FLOW CHARTS

ROTV
anen
» - *
* Bl ®)»
- » -

anen

CALC

SRENBRRINGUNNSE

ENTER
ROTY

-
-
.

<tes e

smx=<

1=
Q
=1
F4
-
o
.

SRBEBAGSRIR
" -
*D0 _TO CALC, J®
*GOES FROM ONEe
® 70 THREE
- -
HBEPBENBBBBRNNY

<ree s

ssesssnessanses
- -
FORM J=TH »
ELEMENT OF #
VECTOR XNEW =
-
Ssnsassnsenanse

LR 2

<ta v e e

ssnssssanssuEnE
-

FORM J=TH «

ELEMENT OF =

YECTOR XDOTN#=

LIR YT YT YYY

(R A NN ]

esssssasanas

.

. -
. »
- CONTINUE =
- .
- .
» »

seRsssnsnRnEn

<rseevea e

LITYT YT YY)

EXIT

ROTYV
sonsssannERsnEs

.
.
3




ssesn
-
* AQ
-

seee

STATE

LR
)

-

»

LER ]

TESEERBARSNENEES

ENTER
STATE
sesassessesannes

PR

<rerees w

SEBRREINIRRRNES
#XTOORB 19 AQe
rYaEsseRssRERRRe
®INIT.COND. FOe
* (ORB. ELEM »

.
SEnEBBINEERRRAR

PIREREE)

NOT DBRUSE »
» -

. -
- -
NG

oo evre

sasansnsenEaRAR
#*0RBTOX 10 AOs
sssssnsssssanna
% DRB.ELEM TO #»
* INIT. COND =

- »
SESEBIERNRARNES

PR

RRBBISEBEEIRRBRE

TPAR 7 AQe

MATRIX OF «
PARTIALS

- .
fEsszansassneny

R

SERRIZRBESRIRGS

EXIT

sssassssssnasen

-
- 3%
NOT ORBIN AND
-

#eooovcancns

LUNGFISH COVARIANCE MATRIX GENERATION FLOW CHARTS

-
*YES

.
-
.
.
.
.
-
-
.
-
-
-
.

D N N R N I N I T I A T ST A AT I

13



LUNGFISH COVARIANCE MATRIX GENERATION FLOW CHARTS 14
TIMCRD
enes sEasenERIsNeRRY
» LR .
* AQ =)e ENTER -
. LA ] TIMCRD .
cnan sssssnesssanans
v
» - » -
- . tnnsernasnnnany L] .
. - L2232 . » » -
- *NO 3 » - - - #YES
L4 FIRST CALL OF ®eeeecevcscece® Blo.o.)® INCRFMENT J ®ccececcccscccccccncaal® 1S TIME Beevncssncence
. TIMCRD - - - - . - NEGATIVE L4 .
- - ran . . » . .
- . senssscensavnEe » - .
. . - . .
* YES « NO .
v v .
seBRERRBRESNENSY SRNERBRBORORNEDE -
- . - . .
- - . . .
# SET J TO ONEs & SET TIME TO .
- . - ARRAY(J)} = .
- . - - .
#ssanesnconsune sesssasssnassee -
. . .
- v .
- .
SEASEDNSRRERBRRARPNNY - - -
e - e -
- . 0w READ ONE - - IS TIME aNQ = - .
* A3s,.) INPUT CARD . WITHIN THE #)# Bls .
- - « TIME VALUE O » # TIME RANGE OF » L L .
e ARRAY(J) # THE RUN « sae .
sasasnssneeRnn. - - .
- - . .
. * YES .
v .
- » .
- - (222223222222 23 v
- - - » 22 sRasneReNaRRARS
= =NQO - - - - - -
- LAST CARD ®eeeevssenceaansveccecs}® INCREMENT J s...)® A3e . EXIT -
- - - - » - 3 T R, -
- » - - an
L2 s EYTYTITIYI YT Y I
- -
= YES
v

aaBssssssssnens
. »
SET LAST «
ELEMENT GF «
RRAY
NEGATIVE

SEBBBREGRBERRE

PR

sassasasssenane
» »

»
#SET J TO ZEROe
- .

= -
tsesasesssnsnny




. . .
s AQ =)a
. -

TJECY

SesERRSERsseRN

sasssssassnenun

<rvese e

-
. INITIA
- T

sEnssuesen

REWIN
(TRAJ

sasesens

..
aTlPES
CTORY)
30
ERIS)
s

e

-

>
&2
Coecset e aXOM-Te<ce ¢ s 00w

{EPH
esanees

READ -
TRAJECTORY
# HEADER {18)

ARG IRARIRRGRY
-

<reer e

- »
- -
-

-
- RECORD TYPE
- oK

- -
- »

» -
YES

PR ]

AENRIBESBETERSRERABRY

READ
- TRAJECTORY -
LA N

tRRARGINSRBERSS

crver v

» -
- -
»

-
- RECORD TYPE
- 110
.

-
* YES

ense
-

: SAVE ONE OF
* PARAMETER
- LABELS
tRIIRRARNNESINSE

[ E R Y

PR ERRRE

SRERNERRBBBUSVINDINNES

* READ EPHEM .
HEAD

ER _FROM
- JRAJECTORY e
TAPE {18)
ssasananaseens
v

RREBERNNIERRABOINIRBOS

PRINT HOUR
- ANGLE

srEasssEnEanEnn

*NQ = -
a)s (8s
- - .

ane

#NO = -
«)s C8»
- - -

ean

LY T

. . »
ss)® BOw
3 . »

LUNGFISH COVARIANCE MATRIX GENERATION FLOW CHARTS

SEBNNESEIRRNBRNGERNN RESROBBBLBRRNDE
L dd * ELEMINATE »
- . * GRAVITIES =
WRITE EPHEM * COom,,.)e FROM -
HEADER {30) = - - ®  TRAJECTORY =
sns TABLE "
AAZ IR 222 22 3 ARNTROIBANIBERY

v v
SEnnsEnsRENIRES .'I.....'..'.’.
- » 3 AD»
* DO TLOOP I 0..-0-..-.-....
® TIMES (I = « - POSITION #
hd 1DAYS) - « EPHEM TAPE -
- . - -
SeRBesENNBRNEEY fEsBBEaBRRREREY

v v
RENBARRSINNREENRGRINRS ovov-oo.ooooouo

- TRANSFER ECD .
MATRIX

senEresssannene
.

<t serene

LTI XYY Y XY

-

- .

- CONTINUE =

- -

- -

sEansesessvenes
v

[Z2 12T LY T Y TY Y

0 SET INITIAL '
'ENTRV CELL TO»
* FALSE (IEN) :

SsssssnnsRRRIRY
.

<t s s s

SRNNBINRGEEEE
RP »

“RasnaneRRE.
FIT Tng ANDI

[E LR X N 2]

n-.--n.-n.oo..

v
AA22 22221222222 )
E
P
T

- - -
#SET_YEAR SPAN® . SETY -
. TO FALSE » & ACCEPTANCE =
. {ISPAN) - ® CELL TO TRUEe
- - - {183 -
SN NEREZRARIRRES shanssse
v .
- - -
- - R v
L L esResssssescsane
. DOES *NO -
L3 TRAJECTORY #ecoveccncoaa * EXIT
- TAPE SPAN . . *  TJECTY
» YEARS - . ERREeNEBINBIRRNE
- . - - :
* YES .
v .
SERANGEARNNBIEDE - RV ABRRGRNE.
- - - ... . -
#SET_YEAR SPANs . ® SET -
- TO _TRUE » - ® Cbﬂ...)h ACCEPTANCE '
- {ISPAN} - . *CELL YO FALSE
- - - see )
RERBRNBBROBANEN - ...'.......'...
clesessnoeccsaascascans :
N .
-
- -
» INITIALIZE e »
#RUN CONSTANTSe -
- - SRV ERBRNBNES
RERRBERRRERIGES
v
LTIy STy T esssasensnsene
Rl OTREAD 16 AOe sse SERROR 4
sesasnantsenne 3 . sssseasensens
0 Bs-...)OREAD TRAJ AND- * C88,0.)e 1 »
PERTS - - - .
ono "o - -
on--n..-on.on.o sesessessessnne
. .
v Z
- - -
- . v
- - ane BRARBBGRBOEDARNDE
- #YESe - EXIT
. ILR EAUA! 1 #)s Co# - X
- OrR ZLS . L - « RUN STOPPED
- L 2 aen SNFRNBBRIRABBRENS
* - ¢ ...
- NU

...........)- co-

Qll

15




A2 L 2T 22T XYY AEQEERNBENARESN
suse . - [YYs
oLl = =1 Vi13G /( = el 4 o 81 _3dvi -
- ov #(*°°e °SE0 - IWIL = 0D sf°* Ad01d3fvylL
- - HI8 + G} = vln - L 3DvdsSHIvE »
...' “ew
"'.....I...... SRBENSNTSERIRBENNEEY
A A
ON » S3A »
- - » -
- - - -
"aew - - _ne - -
*11 = « Qv3¥L 0L » « s » a¥023Y .
* SY s(s A¥LIN3 TVILINI - #E) e(e y311vil *
- #S3Ae - . ® ONe  AYOLI3MVYL .
seee - -* "ew » -*
- - 9S3L . -
. - L4 SS31
A A
steececcrcivencerccne)e tvesccscavastencrscsnna
M ON « .
. . - .
. - . .
. cane - - . onsassasenannsn “ne
. - - - PAEYY - - - . @« (3
: . EV (s 2/1 19 10 » < * 11X s(cwlg »
* - *S3Ae - . » . = L3
. snss - - tonsannanssrans ane
. - . . A
. - » . .
. A . .
. . . .
- RRSROERVRBESRES . sEBResNERERRRR
M ¢dg#s 3u;1 Hiye s . 3N510?8 -
M - NIW 3IWIL » . - d¥3iN .
. +$80 40 3NTVA « . oNI _3SN 404 S »
M :SE' 01 10 135: M *V1730 FINdWOI»
. ° » -
. o|oooooxn|.|.on * sBsssansERBENEE
. . A
: S3A = . .
© » - . .
- - - - Il'l.llll.ll...
- - - ‘e . -
M SYV3A - - . - 031GV1 NI SWlie
ceeesssscecce NVdS NNY¥ S3040 a(a5) = ° H1Y 01 d31S =
- - - . -au11 HLY 13$ -
- ans  °
- - o "...ll.......-
- L L1831 . A
- - ¢
M SIA -
e - -
e - -
#5232 0RER * - -
. 034d01S NNY = * 30 =
e 11X3 e Somsesncssccs 3dAl 0¥0I3IY -
- - -
A2 22222222222 Y3 - -
- -
- -
A
SBBRERBQERIROEE
...
AL ®  AYOLI3CVYL - L]
'0!0338 INQYM 0("'0{3 ! 8 01 7 3402 (°» €8 =
sssssssannsanes - OINI aQv3u LA .
«€8 ¥ WoudIe oon cnue
AAZ2 22222222223
9s3L A
RGREERNBENESsaNN
ansasse stsansee - - aew
- - - - - -
. 11x3 - # T0L 1 135 s(°°"elg e
- - . - - -
*eNsecsnes - - "ew
A "NNSNSREREIRELR
M A
SRsNERsIREBEERS SELRBIIRRENNERE
. EL)OY . 81 _3dvi
® A¥0LI3CYY¥L #  AWOLO3CrVYL -
® 1SV °L9° . NO_SG¥DI3IY
* 3WIL SA0=Z - VI dIXS L
s 0L ¥4I 135S e
sssesssnsennens REeNRIIILERERERERRDRR
A A
sansssesszennne I TTTY R Y Y TR Y TR
. . “ae . ane
« 3NIL - - - - 8 . -
- A80133P'81 #(°*°20) = #5537 IONVHIL »(°°°#08 »
® ISY1 3AVS « . . * 0L VI 13S LI
- - e - - e
Sssscsssensnsan LY IIZTR SIS Y )
91 SLYVHI MDd NOLLVYINIO X1YIVN IONVIUVADD HSIHINAD

.......Q..'...I
Q.I
39NVH3[ SS31 =
-EG -("’- 135 =
-
CQ. -
I.......I..I'l.
S22 RABRINNN
PLA -
»
$31 -
S3 -
#379VL/4 LdIHS»
BERRBRNBERNNBRND
A
ON =
- -
- -
L bt - *
L1 s (V3L 01
* HY «(s A¥INI WILINI
- -
Lol - -
8s3t » .
» -
A
ON @
- -
- -
“ew -
- - - 8 0L
*Zg s(» AvN03 JINVHIIL
- #SJAs -
-ne - -
- -
. -
4
ON =
- -
- -
.Q. - -
. 8
008 l( NVYHL ¥31V3d9
*S3As JONVHII
‘.Q - -
- -
- *
A

Q.o.c...o..!..l
-
'VITSO /(3“11 !
Hiy °S
. ) = 39NVH31 G
-

o.-o....-u..oco

A
S3A =
- -
- -
asa - -
- . ® d31S 3IWIL HlY
*S) s(s *19° 3WI1 S0
« ON
L 3.4 -
1531 * -
- -
4
ON »
- -
- -
aae » -
- # d3LS 3IWIL H1Y
%, e(s *53° 3IWIL S40
- S3Ae
"ne - .
- -
- -
A

LA LI TR T T TN ¥
- -

. N3y -
* TVWION ¥04 =
:E 014 ¥ 13$ :

eBtBEBREBGRARES

R

ssancansssennnn
- av3iyl
- Y3IINI
-

SEnsssaansRuEEe

-
.
-

e

- - -
s GV =
- - -

wane
. .
(e OV
. @ -

anes

[ ELT




LUNGFISH COVARIANCE MATRIX GENERATION FLOW CHARTS
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